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Executive Summary 

The South Macomb Disposal Authority (SMDA) Macomb County Landfill Properties 9 
and 9A has contamination that has exited the landfill. "Property" means the property of 
Landfills 9 an 9 A located south of 24 Mile Road, west of Card Road, and north of the 
McBride Drain and legally described in Appendix A of the Consent Decree except as 
modified by written agreement between SDMA and MDEQ. This Remedial Action Plan 
(RAP) is focused on: 

1. Eliminating the limited residential criteria based contaminant plume. This is to 
be accomplished by capturing the portion of the contaminant plume that 
exceeds the health-based residential standards and by maintaining hydraulic 
control ofleachate on the property, and 

2. Constructing remedial measures to eliminate the potential for future spread of 
contaminants, and 

3. Establishing controls and measures to achieve a condition where contaminated 
leachate is no longer leaving the site, and 

4. Achieving a cleanup state such that the state can recommend removal of the 
Property from the National Priorities List (NPL ), and 

5. Establishing exposure controls to eliminate human health and e:::wironmental 
hazards. 

The RAP is intended to remediate the facility in compliance with Sections 20118, 
20120a, and 20120b of the Natural Resources and Environmental Protection Act. The 
Remedial Action Plan consists of ten major tasks. These tasks include the following: 

1. Determine appropriate method for management of groundwater and leachate 
encountered during construction of the remediation systems. 

2. Install a groundwater interceptor and impermeable barrier to prevent 
groundwater inflow and subsequent leachate. 

3. Install a leachate collection system to remove leachate from the landfill and 
prevent leachate from migrating off-site. 

4. Install and operate a contaminated groundwater and leachate disposal 
system(s), including construction and operation of all necessary treatment 
systems. 

5. Re-grade and cap the surfaces of the landfills to stimulate surface water flow 
and reduce infiltration potential. Estimates of resultant surface water run-off 
flows are provided in Attachment II. 
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6. Install a final vegetative cover system to inhibit erosion and protect the cap. 

7. Install a system of groundwater extraction wells. 

8. Install and maintain a landfill gas venting system (refer to Appendix L, 
"Landfill Gas Vent and Probe Plan"). 

9. Place deed restrictions and perform long term monitoring. 

10. Operate and maintain all systems in accordance with approved plans. 

This RAP includes regrading of the Property to an approximate, continuous 1 % slope. 
The continuous slope design with its long shallow slopes represents a worse case scenario 
for the analysis of leachate production and subsequent groundwater contamination. The 
continuous slope design is used for all calculations. 

As part of this RAP, SMDA has considered the appropriate balance between improving 
the final cover system so as to minimize percolation into the landfill and subsequent 
leachate f01mation, and the design of groundwater interceptor and leachate collector 
systems. Existing leachate is to be removed for treatment and disposal with the proposed 
leachate collection system. The propose groundwater interceptor is to remove another 
source of leachate formation by preventing the inflow of groundwater into the landfill. 

1.0 Introduction 

This remedial action plan (RAP) for the Macomb County Landfill . is designed to 
remediate the facility in accordance with the applicable regulations and .court decisions. 
The landfill site(s) have been closed since the mid 1970's with approximately 680,000 
cubic yards of municipal solid waste deposited in Property 9 and approximately 
1,200,000 cubic yards of municipal solid waste deposited in Property 9A. More detail 
describing the quantities and type of waste is detailed in other reports. 

This Remedial Action Plan includes the Engineering and Construction related activities 
to remediate the Property and those adjacent properties impacted by the contaminant 
plumes. Operation, maintenance and monitoring of the constructed remedial measures 
are discussed in an Appendix D, "Performance Monitoring Plan" (PMP) and Appendix 
H, "Operations and Maintenance Plan" ( O&M) submitted as part of this RAP. The main 
focus of this RAP is to design and install the necessary measures to prevent or minimize 
leachate formation as well as ensure capture of groundwater, landfill gas control, and 
restrictions on property uses. 

Within the time frame of the remediation system's operation, (1) leachate levels within 
the landfills will be greatly diminfahed, (2) leachate and contaminated groundwater will 
be prevented from migrating off-site, and (3) contamination outside of the landfill 
boundaries will be eliminated. The final remediation goal is a condition where leachate 
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formation and water contamination from the landfill no longer pose a threat to human 
health or the environment and the site is de-listed from the NPL. 

This RAP specifically addresses administrative, engineering and construction issues 
relating to the remediation of the facility. This RAP is written and implemented within 
the parameters of the regulatory requirements of Part 201 of the NREP A. Operational 
and monitoring issues are addressed in Appendix D, "Performance Monitoring Plan" 
(PMP). 

1.1 Location (including a map). 

The Macomb County Landfill Properties 9 and 9A are located in Macomb Township, 
Macomb County, Michigan approximately 17 miles north/northeast of Detroit, Michigan. 
The landfill is located immediately south of 24 Mile Road at the intersection of 24 Mile 
Road and Foss Road. The Property location is identified on Plan Sheet # 1, "Title Sheet". 

1.2 Overview of past and current use of properties, and hazardous substances. 

The Macomb county landfill was a Type II Municipal Solid- Waste Landfill under current 
Michigan DEQ rules that were operated as solid waste disposal areas under the 
provisions of the Garbage and Refuse Disposal Act 1965 PA 87, as amended. It is owned 
and was operated by the South Macomb Disposal Authority (SMDA). The Macomb 
County Landfill consists of two Properties, 9 and 9 A. The landfill covers approximately 
159 acres. Property 9 covers approximately 75 acres with approximately 65 acres 
utilized for solid waste disposal. The remaining 10 acres is utilized as buffers on the 
north and east sides. Property 9A covers approximately 84 acres with approximately 80 
acres utilized for solid waste disposal. The remaining 4 acres is utilized as buffer on the 
west and south sides. 

Property 9 was licensed to receive municipal solid waste from April 29, 1968 to 
September 1, 1975, a period of approximately 88 months. During this time it received 
approximately 680,000 cubic yards of municipal solid waste, an average of 7,727 cubic 
yards per month. 

Property 9A was licensed to receive municipal solid waste from February 22~ 1971 to 
September 1, 1979, a period of approximately 102 months. During this time it received 
approximately 1,200,000 cubic yards of municipal solid waste, an average of 11,765 
cubic yards per month. 

At no time was the Macomb County Landfill licensed to receive hazardous waste or 
hazardous substances for purposes of disposal. There is no record of any disposal 
operation involving hazardous materials. 
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1.3 Evidence property is "facility." 

Previous property investigations have found groundwater samples at the Macomb County 
Landfill Properties 9 and 9 A that show that hazardous substances are present which 
exceed drinking water standards developed pursuant to Section 20120a(l)(a) ofNREPA. 
Constituents that exceed the criteria include vinyl chloride and chloroform. For 
additional information, refer to previous property investigation reports. These 
investigations are: 

• "Final report on Hydrogeological Investigation, South Macomb Disposal 
Authority, Landfill Sites 9 and 9A", Dragun Corp., dated February 28, 1995, 
Project #3020. 

• "Report on Refined Evaluation of Remedial Alternatives for South Macomb 
Disposal Authority Sites 9 and 9A", Dragun Corp., dated May 19, 1995, 
Project #8006. 

• "Conceptual Design for Remedial Action, SMDA Sites 9 and 9A, Macomb 
County, Michigan", CRA, dated November 1998, Reference No. 11413(7). 

• "Vertical Aquifer Sampling Results for 598R, 9712, 594R, 9795, 9711, 9715 
and 9716 Locations, Supplemental Plume Delineation Activities", CRA, dated 
November 16, 1999, Reference No. 11413. 

• "Supplemental Plume Delineation Report", CRA, dated June 2000, Reference 
No. 11413(21). 

• "Pre-Design Investigation Report", CRA, dated August 2000, Reference No. 
11413(20) 

Therefore the property is a "Facility" as defined under Part 201 sections 20120a(l)(a) and 
(17). 

1.4 Purpose and scope: criteria category(ies) plan satisfies. 

The off property clean up category for this project is generic residential for contaminated 
areas outside of the property's limits. The on-property clean up category is site-specific 
standards inside the property limits, are consistent with restrictive covenant and the 
consent decree (refer to Appendix K, "Restrictive Covenant for Landfill Properties"). 

The plan for the landfill property is based upon "site specific" criteria per Section 
20120a(2). No site reuse will be allowed unless a site specific risk assessment for an 
alternative use is conducted as described in the restrictive covenant(refer to Appendix K, 
"Restrictive Covenant for Landfill Properties"). 
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The restrictive covenant for the landfill property will limit the future use ( or no use), 
unless and until a site specific risk assessment for an alternate use is performed by 
SMDA and approved by the MDEQ. The restrictive covenant will also include other 
restrictions, such as, prohibit the installation of water wells other than what is needed for 
response activity purposes, and no disturbing of the cap. The RAP anticipates no future 
use unless allowed by a site specific risk assessment. 

For properties other than the landfill property, the plan proposes to satisfy the generic 
residential criteria by capturing and remediating all groundwater that exceeds the health
based drinking water criteria and eliminating migration of leachate. By cutting off any 
additional loading to the aquifer, it is expected that natural processes will allow the 
portion of the aquifer that exceeds the aesthetic based criteria to reach the genenc 
residential criteria (or the MDEQ approved background levels, if higher). 

2.0 Facility Characterization, Analysis, and Remedial Actions 

The following characterizations and analyses performed for the Macomb County Landfill 
Sites 9 and 9A are derived from previously submitted reports. 

2.1 Facility Characterization: Description of nature and extent of contamination. 

Refer to the previously submitted remedial investigative reports and data (listed in 
Section 4.1) for a detailed descriptton of the nature and extent of the site's groundwater 
contamination. The groundwater contamination is in three plumes located in three 
interconnected aquifers. The _known extent of the Aquifer # 1 plume exceeding the 
health-based generic residential criteria extends to the northwest and northeast of the 
property to a maximum distance of approximately 400 feet. The known extent of the 
Aquifer #2 plume exceeding the health-based generic residential criteria extends 
northeast of the property to a maximum distance of approximately 1,250 feet. The 
known extent of the Aquifer #3 plume exceeding the health-based generic residential 
criteria extends south of the property to a maximum distance of approximately 1,000 feet. 
There is a plume that exceeds aesthetic based criteria which is larger than the plume that 
exceeds the health based criteria. 

The types of contaminants found in groundwater include volatile organic compounds 
(VOCs) such as vinyl chloride and chloroform. Other contaminants include elevated 
biochemical oxygen demand (BOD) in the landfill leachate and high concentrations of 
metals in the groundwater. No significant contaminants have been found in surface water 
except for those incidents where leachate outbreaks have occurred along the south side of 
Property 9A. RAP activities include the submittal of groundwater analyses reports 
quarterly. 

These are described in greater detail in a plume delineation report "Supplemental Plume 
Delineation Report, SMDA Properties 9 and 9A, Macomb County, Michigan, Reference 
No. 11413(21)", Conestoga-Rovers Associates, dated June 2000. 
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2.2 Facility Analysis/Conditions Evaluation: 

2.2.1 Control of hazardous substance sources. 

SMDA, as both the Operator and the Person Proposing Plan (PPP), has 
obligations under Part 201 Section 14 including 20114(h) for the remediation of 
the landfill: 

"(h) Upon written request by the department, take the following actions: 

(i) Provide a plan for and undertake interim response activities. 

(ii) Provide a plan for and undertake evaluation activities. 

(iii) Take any other response activity determined by the department to be 
technically sound and necessary to protect the public health, safety, welfare, or 
the environment. 

(iv) Submit to the department for approval a remedial action plan that, when 
implemented, will achieve the cleanup criteria specified in this part and the rules 
promulgated under his part. 

( v) Implement an approved remedial action plan in accordance with a schedule 
approved by the department pursuant to this part." 

The hazardous substances are not containerized and do not exist as free phase 
liquid. With the landfill being closed by September 1979, original releases 
occurred prior to the regulatory date of June 6, 1995. This original release 
remains ongoing, without separate or subsequent releases. The metals and 
organic compounds that have contaminated the local groundwater originate in the 
municipal solid waste disposed of in the landfill's Property 9 and 9A. Since the 
solid waste that is the source of the groundwater contamination remains in place, 
an analysis of source control is appropriate. A synopsis of a detailed examination 
of remedial alternatives ("Report on Refined Evaluation of Remedial Alternatives 
for the SMDA Properties 9 and 9A", Dragun Corporation, dated May 1995) is 
provided in Section 3.3. 

2.2.2 Groundwater contamination risks to drinking water uses. 

Residential wells that have been impacted above health based drinking water 
standards have been provided access to municipal water. As part of its base line 
risk assessment for the site, CH2M-Hill in its August 1990 "Remedial 
Investigation Report, South Macomb Disposal Authority, Macomb County, 
Michigan, EPA WA No. 193-5LS4" (RIR), performed exposure assessments for 
groundwater and other potential contaminant pathways. However, off-property 
groundwater is utilized at several residential wells, each of which is considered a 
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separate exposure point per EPA guidance (EPA1989a). A primary route of 
exposure is ingestion. Exposure may occur from various other household 
activities such as inhalation of volatiles while showering. 

Contaminants have been detected in the groundwater that exceeds both the 
generic residential health based and aesthetic drinking water criteria. For 
example, vinyl chloride in leachate (160 ug/1) and off-property monitoring wells 
( 6 ug/1) exceeds the generic residential criteria of 2 ug/1. Chloroform in 
groundwater has been measured at 10,000 ppb in excess of safe drinking water 
standards of 100 ppb. Other examples can be found in the "Supplemental Plume 
Delineation Report", CRA, dated June 2000, Reference No. 11413(21). A 
complete table of all available groundwater sample and analysis results ts 
provided in Appendix A, "Site Specific Health and Safety Plan" (HASP). 

In accordance with the Consent Decree and the PMP, groundwater contamination 
concerns are primarily focused on first providing municipal water and on 
removing all health based risk, and secondly on removing or monitoring the 
constituents exceeding the aesthetic standards. As such, the RAP is designed to 
address these aesthetic concerns. By intercepting groundwater along the 
perimeter of the landfill, extracting groundwater from deeper aquifers with wells, 
and by intercepting leachate before it can leave the landfill, the RAP will 
remediate those factors affecting groundwater health based risk parameters. 
Groundwater will be extracted and treated until health-based drinking water 
standards are achieved. 

The RAP and PMP will emphasize the more stringent levels established by 
aesthetic concerns as well as the health based drinking water standards. In all 
cases, free phase liquid contaminants have not been detected. 

There is no evidence of significant contamination due to the presence of friable 
asbestos or asbestos containing material (ACM). Asbestos has not been detected 
in groundwater samples. 

2.2.3 Groundwater contamination risks from dermal (utility work) exposures. 

Based on available data contamination detected in the leachate and groundwater 
do not exceed the generic groundwater contact criteria developed by the MDEQ 
as listed in the most recent version of Environmental Response Division (ERD), 
Operational Memorandum #18. During the construction of the remediation 
system and its associated groundwater interceptors and leachate collectors, 
precautions will be taken in accordance with the site's Health and Safety Plan 
(HASP) to ensure dermal exposures do not occur. A copy of this HASP is 
provided in Appendix A. Free phase liquid contaminants have not been detected. 
No contaminant concentrations capable of presenting flammability and 
explosivity hazards have been detected. 
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Due to the potential for the leachate to exceed these criteria, the restrictive 
covenant for the landfill property shall prohibit direct contact with shallow 
groundwater and leachate or prescribe the necessary precautions and handling 
procedures when workers could be exposed to potentially contaminated leachate 
or groundwater (refer to Appendix K, "Restrictive Covenant for Landfill 
Properties"). 

2.2.4 Groundwater contamination risks for indoor air hazards. 

As part of CH2M-Hill's RIR, an exposure assessment for air as a potential 
contaminant pathway was performed. The RIR concluded that there were three 
potential air borne contaminant pathways: migration of soil gas into nearby home, 
wind erosion of contaminated surface soils, or releases of contaminants to 
ambient air from the waste material. Sampling indicated that while methane 
appeared to be migrating from the site, the other contaminants could not be 
confirmed. There is no evidence that methane has entered any nearby residence. 
Should gas exceed action levels; we will address methane as described in 
Appendix E, "Contingency Plan". 

The maximum levels of vinyl chloride in the leachate (160 ug/1) exceed the 
generic residential groundwater volatilization to indoor air inhalation criteria (110 
ug/1) contained in ERD Operational Memorandum #18. The restrictive covenant 
for the landfill property will prohibit construction of structures (refer to Appendix 
K, "Restrictive Covenant for Landfill Properties"). Groundwater outside the 
Property does not exceed the generic residential criteria for indoor air inhalation. 

2.2.5 Groundwater contamination risk of hazard to surface water resources. 

As part of CH2M-Hill's RIR, an exposure assessment for surface water and 
sediment as potential contaminant pathways was performed. The RIR concluded 
that exposure may occur either directly during post closure site use or through 
various indirect routes. The maximum levels of vinyl chloride in the leachate 
(160 ug/1) exceed the generic groundwater surface water interface criteria (15 
ug/1) contained in the ERD Operational Memorandum # 18. Therefore, this is a 
pathway that needs to be addressed by the remedial action. Indirect pathways for 
exposure include: fish ingestion, release of volatile organics during irrigation, and 
the taking up of contaminants by plants that are later consumed. 

Though the general direction of regional groundwater flow adjacent to the 
Macomb County Landfill Properties 9 and 9 A is to the south and southeast, 
towards the McBride Drain, with the exception of leachate outbreaks, there does 
not appear to be a groundwater/surface water interface (GSI) that involves any of 
the established contaminant plumes. The contaminant plume in the highest 
aquifer (Aquifer #1) is confined to the limits of waste and adjacent areas north of 
both Properties 9 and 9A. The next lower aquifer (Aquifer #2) shows evidence of 
a contaminant plume extending to the east and northeast of Property 9A. The 
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lowest aquifer (Aquifer #3) does show a contaminant plume extending 
southwards from Property 9 A towards the McBride Drain, but is apparently a low 
enough depth to prevent hydraulic contact between the contaminated groundwater 
and the surface water in the drain. In all cases, free phase liquid contaminants 
have not been detected. 

The proposed leachate and groundwater management systems will prohibit 
migration of either leachate or contaminated groundwater towards the McBride 
Drain or other surface water resources. See Appendix J, "Leachate and 
Groundwater Management Plan". 

2.2.6 Soil contamination risks from direct contact exposures. 

As part of CH2M-Hill's RIR, an exposure assessment for soil as potential 
contaminant pathways was performed. The RIR concluded that aside from 
incidental ingestion of soil on the hands by individuals who eat, drink or smoke 
following property exposure, the risk of exposure is insignificant. 

Given the depth to the groundwater contaminant plumes, the potential for soil 
concentration at the surface that could cause adverse health effects due to long
term ingestion or dermal exposure is insignificant. However previous soil 
sampling was limited in scope with documented contaminant levels exceeding 
direct contact criteria. 

Continued implementation of groundwater and leachate collection is expected·to 
be adequate to address this pathway. As much as possible the proposed final 
cover system will be constructed with clean borrow soil provided by off-property 
sources. Along the south of Property 9 A during construction of the leachate line, 
SMDA will ensure that the use of off-property soils will greatly reduce the 
potential for soil contamination risks during and after the construction of the 
proposed final cover system. The improved landfill cover is expected to provide 
an adequate direct contact barrier to prevent potential exposure to contaminated 
soil and waste within the landfill. The use of clean borrow soil as part of the 
cover (especially at the south edge of property 9A) will eliminate the potential for 
future exposure to the surface soil that may have become contaminated due to 
leachate break outs. Continued operation of the improved groundwater and 
leachate collection system is expected to be effective in preventing reoccurrence 
of leachate breakouts. 

2.2. 7 Soil contamination risks from ambient air inhalation exposures. 

There have been no detected contaminant concentrations either in groundwater or 
in soil that could yield an ambient air concentration that would cause adverse 
human health effects through inhalation in a industrial, residential or commercial 
land use. The concentrations detected in the soil are below the generic residential 
infinite volatile soil inhalation criteria for ambient air and the particulate soil 
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inhalation criteria listed in the ERD Operational Memorandum # 18. Therefore, 
this is not considered a relevant pathway. 

2.2.8 Soil contamination risks from indoor air inhalation exposures. 

Established contaminant plumes are associated with local aquifers, not with soil 
concentrations. The concentrations detected in soil are below the generic 
residential soil volatilization to indoor air inhalation criteria listed in the ERD 
Operational Memorandum #18. , this is not considered a relevant pathway. 

2.2.9 Soil contamination risk of injury to drinking water uses of groundwater. 

Soil contamination is not the potential source for contaminants affecting the local 
groundwater utilized for drinking water purposes. The concentrations detected in 
the soil are below the generic residential drinking water protection criteria for soil 
listed in the ERD Operational Memorandum #18. The source for contamination is 
the deposited waste in Properties 9 and 9 A. Existing groundwater contamination 
derives from the waste, not from adjacent soils. As such, the soil contamination 
levels do not exceed twenty times the residential drinking water criterion and the 
residential drinking water soil-water partitioning (SWP) criterion. 

2.2.10 Soil contamination risk for groundwaters to pose dermal contact hazard. 

The concentrations detected in soil are belo\v the generic residential soil criteria 
for the protection of direct contact with groundwater listed in the ERD 
Operational Memorandum # 18. During the construction of the remediation 
system and its associated groundwater interceptors and leachate collectors, all 
applicable precautions will be taken in accordance with the site's Health. and 
Safety Plan (HASP) to ensure dermal exposures do not occur. A copy of this 
HASP is provided in Appendix A. 

2.2.11 Soil contamination risk for groundwaters to pose hazard to surface water. 

As described in section 2.2.5 above, there does not appear to be a 
groundwater/surface water interface (GSI) that involves any of the established 
contaminant plumes. The concentrations detected in soil are below the generic 
residential soil criteria for the protection of groundwater venting to the surface 
water listed in the ERD Operational Memorandum #18. 

2.2.12 Risk of contaminated soils runoff to surface waters. 

The site's contamination is confined to underlying groundwater. There is no 
evidence of significant quantities of contaminated soil. However, there is the 
potential for contaminated soil or contaminated leachate to run overland to the 
McBride Drain. During trench excavation and side regrading operations, there is 
the potential for contaminated soil to be excavated from lower depths. This 
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potential will be minimized by the fact that the proposed final cover grades do not 
cut significantly into existing cover soil, and trenching operations are to occur 
wherever possible outside the limits of waste. 

All temporary soil stockpiles will be appropriately managed to ensure that there is 
no significant potential for the contaminated soil to run-off to adjacent surface 
waters such as the McBride Drain. These measures will include, as needed, silt 
fencing around the perimeter of the stockpiles and/or use of tarps to cover the 
stockpiles. 

2.2.13 Surface water sediment contamination risks. 

Though there have been past leachate outbreaks along the south side of Property 
9A which have adversely _affected flora and fauna in the McBride drain, there is 
currently no significant potential for sediment contamination of adjacent surface 
waters. Samples from the McBride Drain did not detect contaminants at levels of 
concern. The potential for sediment contamination will be rendered insignificant 
by the measures taken to ensure that the potential for contaminated soil runoff is 
minimized. Therefore, this is not considered a relevant pathway. 

2.2.14 Acute toxic and physical hazard risks. 

There is no evidence either in samples of leachate or contaminated groundwater 
for the existence of hazardous materials in the landfill that may cause acute 
inhalation toxicity, flammability, explosivity, corrosivity, ignitability, or reactivity 
as defined in the Resource Conservation and Recovery Act (RCRA 40 CFR 261 ). 

The properties are generating modest amounts of explosive landfill gas (methane) 
that may present a hazard during construction of the remediation system. During 
regrading, trenching and excavation operations, methane detectors will be utilized 
to ensure that landfill gas concentrations remain below their lowest explosive 
limit. Workers are to never enter an excavated or confined area without adequate 
safety precautions and respiratory equipment. 

There are also potential risks to other future workers who may excavate on 
property for whatever reason ( e.g., construction, utility work). Also, there are 
potential risks associated with potential methane migration to and/or beyond the 
property boundary ( e.g., should the methane accumulate in a building foundation 
or basement). Recent sampling of gas probes has detected high methane 
concentrations in three perimeter gas probes (Pre-design Investigati_on Report, 
Conestoga-Rovers and Associates (CRA), August 2000). These probes were 
placed outside the landfill. 

SMDA will conduct a further investigation to determine the extent of the methane 
migration in these areas. This investigation will proceed as part of the overall 
remediation effort. If monitoring shows that there is an exceedance of 25 percent 
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of the lower explosive limit at the property boundary, immediate actions will be 
implemented to address this hazard, including installing gas vents. 

2.2.15 Ecological and aesthetic impacts. 

Aesthetic impacts of the contaminated groundwater are primarily associated with 
drinking water concerns in accordance with the PMP (see Section 2.2.2). There is 
no significant evidence of phytotoxicity, food chain contamination, adverse 
impacts to soil organisms, or adverse impacts to wildlife. No evidence of such 
problems (soil discoloration or odors, stressed vegetation, or injured wildlife) has 
been uncovered. Since the main goal of the RAP is to remediate groundwater 
sources of drinking water, the RAP is also protective of ecological hazards. Based 
on available evidence, an ecological risk assessment is not warranted. Past and 
proposed remedial actions will adequately address this pathway and eliminate the 
potential for ecological or aesthetic impacts. 

There have been historical issues with groundwater posing aesthetic problems 
when groundwater entered basements of homes along 24 Mile Road. This lead to 
SMDA purchasing and demolishing one home. The installation of a slurry wall 
and leachate collection line along the north side of Property 9 seem to have 
alleviated this condition. It has also been noted that there has been some staining 
in a small surface water pond just south of McBride Drain. The proposed 
remedial actions include leachate and groundwater ,collection should preclude a 
reoccurrence of these problems. 

2.2.16 Any other hazardous substance risks at or posed by the facility. 

There are no other hazardous substances or risks posed by the facility. 

2.3 Proposed/Completed Remedial Actions: Details of completed/planned response 
activities 

In summary, the proposed remedial actions include: construction of an improved final 
cover system, installation of a groundwater interception system, the installation of a 
groundwater extraction system, the operation of a groundwater treatment system, the 
installation of a leachate collection system, the operation of a leachate pre-treatment 
system, the installation of a landfill gas venting system, and the operation of associated 
monitoring systems (refer to Appendix L, "Landfill Gas Vent and Probe Plan"). 

In addition to the above engineering and construction efforts, drinking water will be 
provided to residents under certain conditions. The following conditions will be adhered 
to: 

"Residential Water Supplies: At any time after the effective date of the Consent Decree, 
if SMDA becomes aware of information that shows that groundwater from any 
residential well being used for household use that is located within the area which is 
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within the boundary made by connecting the outer most "sentinel wells" ( as defined in 
the PMP) exceeds Part 201 residential health-based standards in effect as of the date of 
July 9, 1999 or background (as determined pursuant to the PMP), whichever is higher, 
SMDA shall within 10 days provide the residence with drinking water meeting all Part 
201 of Natural Resources and Environmental Protection Act, 1994 PA 451, MCL 
324.20101 et seq. (NREPA) criteria. SMDA may test any such well periodically to 
determine whether the condition of exceeding the higher of such residential standards or 
background persists. 

A. The quantity of water will be sufficient to meet all potable water needs. 
B. SMDA will connect the residence to the municipal water supply if the condition 

appears to be persistent or long term, and if such municipal water is reasonably 
available. If not, SMDA will arrange for other alternative water. 

C. SMDA will not be required to take action if it is demonstrated to the MDEQ's 
satisfaction that the detected contamination is not attributable to a release from 
Properties 9 or 9A." 

Also, for the case of an· aesthetic exceedance in a residential well the owner of the 
residence will be offered the choice of: (1) Installation of a water softener at SMDA's 
expense, or (2) Payment to the owner of the residence the equivalent of the cost of a 
water softener to be used towards hook up to municipal water, if municipal water is 
available. 

2.3.1 Engineering Analyses 

The following analyses were performed to provide a rationale for the remedial 
activities. 

2.3.1.1 Leachate and Contaminated Groundwater Management 

Leachate and contaminated groundwater can only be disposed through a permitted 
activity. A leachate and groundwater management plan has been submitted to 
MDEQ for review (refer to Appendix J, "Leachate and Groundwater Management 
Plan"). Once a permit(s) is (are) issued, the disposal mechanism will be 
constructed and the leachate and groundwater system will be started. 
Contaminated water will be disposed until clean up reaches the levels described 
by the Consent Decree or approved PMP. Once the PMP levels have been 
achieved, SMDA will petition to tum off the system. 

Leachate and contaminated groundwater can be disposed through various 
permitted methods. It is the intent of this RAP to design, permit and construct a 
combination of treatment technologies to remediate the site. Furthermore, as 
discharge permits are approved, we anticipate the SMDA will implement the most 
economical means available for safe remediation. 
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Several water disposal options have been preliminarily engineered for permitting 
and construction. Incomplete and/or lapsed permits will be updated for property 
use. The following is a brief on the status of various disposal options. 

A. Surface Water Discharge. Treated, clean groundwater and leachate can be 
prepared and discharged to the waters of the state with an NPDES permit to 
operate. Evidence suggests that the groundwater and potentially leachate can be 
effectively treated for discharge to adjacent surface bodies of water, the McBride 
Drain. Appropriate NPDES permit(s) will be obtained prior to this operation. A 
copy of this application is provided in Appendix G. A draft Permit #MI0055069, 
by Dragun Corp., dated August 6, 1996, contemplated an earlier action. 

B. Sewer Discharge. Available analytical data indicate that the leachate and 
contaminated groundwater may be able to be discharged to the sanitary sewer 
owned by Macomb Township that flows to a POTW owned by the Detroit 
Metropolitan Sewer District. Further sampling and analysis will be performed on 
leachate and contaminated groundwater to determine, permits, pre-treatment, and 
other characteristics to meet the requirements for disposal into the sanitary sewer. 
An agreement has been realized with Macomb Township for a sewer discharge 
permit. A copy of this application is provided in Appendix F. 

C. Transport and Disposal. Currently, contaminated water and leachate is 
pumped, transported and disposed off-site. Until other methods (permits) are 
made available, the remedial actions will be limited to activities that can be 
accomplished with this disposal method. 

D. Irrigation and Phytoremediation. Groundwater may be used for on 
property irrigation to ensure the establishment of dense vegetative cover. 
Treatment standards required for irrigation will be achieved prior to this 
operation. The existing wetland located immediately south of Property 9 provides 
the potential for on property phytoremediation. Any irrigation or 
phytoremediation option would comply with all applicable rules and regulations 
and all necessary permits would be acquired (groundwater discharge, monitoring, 
or associated wetland permit). 

The proposed leachate and contaminated groundwater management plan (refer to 
Appendix J, "Leachate and Groundwater Management Plan") primarily relies 
upon sanitary sewer discharge but may be later revised to include several of these 
options. By proposing and using several alternatives, SMDA will achieve a 
leachate management plan tailored to property conditions while providing 
maximum operational flexibility. 

2.3 .1.2 Groundwater Interception 

Available data suggests that groundwater inflow and percolation of precipitation 
through the cover are the primary sources of leachate formation for both landfills. 

Page 18 



( 

( 

The most effective leachate management system would prevent the formation of 
leachate in the first place by cutting off the source of the leachate. Therefore, a 
perimeter interceptor will be installed to prevent further inflows into the landfills. 
However, since this perimeter interceptor will be located adjacent to the landfills' 
established limits of waste, any groundwater which enters this system is to be 
considered as leachate due to the close proximity of deposited waste. 
Furthermore, to ensure intimate contact with waste and accumulated leachate 
within the landfill, a series of lateral pipes are to be installed which branch off of 
this perimeter collector into the landfill. 

Prior property investigations indicate that the floors of the landfills slope from the 
north and northwest to the south of Property 9 and the southeast of Property 9A 
(refer to Plan Sheet #3, "Bottom of Waste Grades", and Plan Sheet #7 "Perimeter 
Collector Profiles"). We assume within the landfill, that leachate flows follow 
this gradient. Groundwater inflows would also conform to these flow gradients, 
generally entering the landfills through the north and northwest boundaries 
flowing towards the south and southeast and the McBride Drain. 

There is one potentially significant exception to the above flow regime. For much 
of Property 9, including the entire east side, there is no "floor" to the landfill. The 
waste is in direct connection with the sand of the underlying aquifer (Aquifer 2). 
Since there is no "floor," it is not expected that leachate will flow along the base 
of the waste to the south-southeast. Based on groundwater potentiometric surface 
maps, groundwater generally flows radially in the refuse/Aquiferl in Property 9. 
There is also a strong downward component from the refuse/ Aquifer 1 to Aquifer 
2. It is likely that much of the leachate in Property 9 will continue to migrate 
down into Aquifer 2 and then migrate to the east. 

The perimeter collector trench is to be installed at 15 feet to 20 feet below ground 
surface and will collect leachate exiting directly from the landfill. The exact 
locations of the extraction wells will be determined, and the wells will be installed 
when we have identified the downward and easterly flow of contaminated 
groundwater away from the landfill in Aquifer 2 that results from the first stage of 
groundwater and leachate extraction operations. Both the location and number of 
the groundwater extraction wells are contingent upon analysis of the groundwater 
contamination. It is intended that at least one groundwater well will be installed. 

Groundwater which comes into contact with deposited waste along the landfill 
limits (thereby becoming leachate) will be intercepted along the northwest and 
north boundaries of Property 9 as shown, and the north and west boundaries of 
Property 9 A before it can enter the landfill. The perimeter interceptor will 
initially be used for leachate collection and discharge from lateral pipelines set 
into the landfill. Once the leachate mound has been removed from the landfill, the 
valves connecting the laterals to the perimeter pipeline will be closed to prevent 
groundwater inflow and allow the perimeter pipeline to carry groundwater around 
the landfills to its potential NPDES discharge point(s). The groundwater 
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interceptors will also effectively draw back contaminated groundwater from areas 
adjacent to the landfill, especially on the east side of Property 9A. Refer to 
Attachment IV for interceptor flow capacity estimates and Attachment V for 
interceptor pipe stability. 

Additional groundwater interception will be provided by auxiliary groundwater 
extraction wells. The location, depth and number of these may be revised based 
on the results after the first six months of groundwater monitoring is known. It is 
intended that at least one groundwater extraction well will be installed. More 
groundwater extraction wells will be installed unless groundwater monitoring 
results indicate that both chemical containment and hydraulic control are being 
achieved without them. Any decision to not install these groundwater extraction 
wells will only be made with the concurrence of MDEQ. Of primary concern is 
the contaminant plume affecting Aquifer two in the area east of Property 9 A. 
This area will receive at least three groundwater extraction wells, depending on 
the results of the PMP monitoring. Furthermore, at least one groundwater 
extraction well will be installed on Property 9 A to extract contaminants from 
Aquifer #3. Plan Sheets · #8, #8A, #8B, and #8C show the extent of the 
groundwater contamination plumes and the monitoring wells used to measure the 
extent of each aquifer's contaminant plume. 

2.3 .1.3 Leachate Collection 

According to available information, the bottom of the waste slopes from the north 
to the south in Property 9, and from the north and northwest to the southeast in 
Property 9A (refer to Appendix C, "Technical Specifications", and Plan Sheet #3, 
"Bottom of Waste Grades"). Leachate built up will flow along these slope 
gradients in a south and southeasterly direction. Any potential for leachate to 
leave the landfills along their northern or western boundaries will be as the result 
of excessive build up of leachate within the landfill. The leachate head build up 
could cause a localized reversal in leachate flows in a direction opposite of the 
general flow gradient. However, the interceptor pipe along the landfill boundary 
will effectively prevent leachate migration in this direction by diverting leachate 
to the sanitary sewer discharge. On the east side of Property 9, where there is no 
continuous low permeability soil layer for the interceptor pipe trench to tie into, 
some leachate may follow its current path below and out of the landfill. This 
potential contaminant source will be managed by the auxiliary groundwater 
extraction system to be installed east of Property 9, and problems detected under 
thePMP. 

Leachate formation appears to be the result of both groundwater inflow and 
surface water infiltration. Each lateral pipeline will be connected to the perimeter 
pipeline with a shut-off valve which can effectively prevent further inflow of 
groundwater back into the landfill. Once the leachate mound within the landfill 
has been eliminated, these valves will be turned off allowing the perimeter 
pipeline to carry groundwater. Without the significant contribution of 
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groundwater into the landfill, and with only a relatively small amount of 
percolation through the final cover, leachate head within the landfill will diminish 
by removing water. Leachate will be removed from the low areas of the landfill 
floors defined by the bottom of waste grades. Refer to Attachment IV for 
interceptor flow capacity estimates and Attachment V for interceptor pipe 
stability. 

2.3.1.4 Landfill Gas Management System 

Though both landfills are well past their peak gas production stages, enough 
landfill gas (LFG) may still be generated at both properties to require a 
management system. A system of passive LFG vents will be installed along the 
perimeter of the landfill. The locations and spacing of the LFG vents may be 
determined based on the results after the first six months of LFG monitoring. If 
LFG monitoring indicates a more wide spread gas migration problem, vents will 
be installed along the perimeter(s) of the landfills where such problems are 
evident. Additional venting will also be considered for the interior of the 
landfills, especially if vegetative stress is apparent. Should LFG cause distress of 
the final cover vegetation, additional LFG vents will be installed at those 
locations where vegetative stress is evident. These LFG vents ·will be installed 
unless LFG monitoring results indicate that LFG migration off-property is not 
occurring. LFG monitoring will continue over the duration of the remediation 
effort to ensure that LFG is being managed properly. Any decision to not install 
these LFG vents will only be made with the concurrence of MDEQ. The primary 
focus of this management system will be to prevent the off-property rr.igration of 
landfill gas into surrounding properties. 

SMDA will be pursuing a definition of the extent of the LFG problems in the 
three perimeter areas where high levels of methane have been detected. If landfill 
gas is detected at 25 percent of the lower explosive limit at or beyond the property 
boundary, or in structures, immediate actions must be taken to address the 
situation. 

It is SMDA' s responsibility to manage landfill gas such that there is no 
unacceptable exposure to harmful gas and that there is no fire and explosion 
hazard. Any active end use plan will discuss the potential for people to be 
exposed to potentially toxic or explosive gases and the steps taken to prevent such 
exposures. 

2.3.1.5 Landfill Contouring and Final Cover 

Both landfills will be graded in preparation for the installation of the final cover. 
The regrading design is based on both available property aerial surveys, prior 
investigations, and field investigations of final cover thickness performed by 
SMDA and others (refer to Appendix C, "Technical Specifications" 02100, 
02210, 02220, 02247 and Plan Sheet #2). 
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The grading plan is engineered to create a new surface with a consistent minimum 
one percent slope gradient (refer to Plan Sheet #4). The elevations of the grades 
will also provide a rough balance between cuts and fills, minimizing off-property 
borrow soil requirements. The regrading design largely confines cut activities to 
the existing soil cover layer, thereby minimizing the need for excavation and 
relocation of waste. As such, the designed grades conform to the existing grades 
to a large extent. Given the shallow grade of the designed slopes, channelized 
run-off is not necessary and may even result in gully formation or ponding of 
surface water. Refer to Attachment VI, "Cut and Fill Volumes" for an estimate of 
the soil requirements for final cover grading. These volume estimates are based 
on the existing surface grades shown on Plan Sheet #2 and the proposed top of 
final cover grades shown on Plan Sheet #4. 

At no time is it anticipated that significant areas of waste will be exposed during 
the construction of the final cover or the installation of the groundwater 
interceptors or leachate collectors. Most activities will occur almost completely 
within the existing cover or- outside of the limits of waste (refer to Appendix C, 
"Technical Specifications" 02100, 02210, 02220, 02247 and Plan Sheet #4, "Top 
of Final Cover Grades"). Any waste encountered during the course of 
remediation construction will be disposed of in accordance with applicable 
regulations. 

2.3.1.6 Remedial Action Plan Sequence and Evaluation 

The overall sequence for this remedial action plan will conform to the project 
schedule and is described as follows: 

1. Analysis of leachate and groundwater contamination levels 

2. Determination and construction of the appropriate method(s) for leachate and 
contaminated groundwater management and disposal. 

3. Construction of leachate and groundwater treatment systems. 

4. Installation of the groundwater interceptors and the impermeable barrier 

5. Construction of groundwater extraction wells. 

6. Installation of the leachate collectors. 

7. Regrading of the landfills and the placement of final cover 

8. Construction of the landfill gas venting system (refer to Appendix L, "Landfill 
Gas Vent and Probe Plan"). 
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9. Monitoring of the effectiveness of the remediation action in accordance with 
thePMP 

10. Long-term operation and maintenance of the remediation systems. 

11. Placement of deed restrictions and institutional controls. 

Each effort is to be evaluated in regards to its effects on groundwater 
contamination. The systems may be revised as needed, depending on the results 
of these evaluations. Furthermore, should the groundwater monitoring results 
show that contamination containment and remediation have been achieved after 
any one of these stages, further remediation efforts may be postponed to allow 
assessment of the effectiveness of the current stage of remediation. Approval of 
the MDEQ will be obtained prior to any postponement or deletion of any of the 
specified remedial components or stages, consistent with the Consent Decree. 

2.3.1.7 Engineering Computations 

The engineering computations evaluating the performance of the remedy are 
included in the attachments to this report. These include a description of the 
purpose and objective, design assumptions and conditions, methodology, material 
characteristics, the computations, and conclusions. 

2.3.2 Construction Work Plan 

Construction efforts will be performed in accordance with the applicable 
Technical. Specifications (see Appendix C). These technical specifications are 
attached and made part of this RAP. 

2.3.2.1 Leachate and Contaminated Groundwater Management System 

The configurations of the various leachate and groundwater management systems 
will conform to the requirements of their permits. Ultimately, it is intended that 
contaminated groundwater and leachate be discharged to the sanitary sewer. Refer 
to Appendix J, "Leachate and Groundwater Management Plan". 

2.3.2.2 Groundwater Interceptor System 

The groundwater interceptor will be a trench drain consisting of a perforated 
collection pipe and suitable drainage backfill. This drainage backfill will consist 
of washed gravel. The groundwater interceptor will be installed along the 
northern and western boundaries of the landfill (refer to Appendix C, "Technical 
Specifications" 02221 and 02426; and Plan Sheets #5, #6A, #6B, and #6C). 

The groundwater interceptor invert elevations and the resulting pipe flow 
gradients will conform to the bottom of waste grades along the northern and 
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western landfill boundaries of Property 9 and 9 A. Along the eastern boundary of 
Property 9, the groundwater interceptor will be installed at a depth that allows it 
to remove contaminated groundwater from those areas of Aquifer immediately 
east of Property 9. 

Based on available data, the lowest bottom of waste elevations along these 
boundaries are located in the north central and southwest comer of Property 9 A. 
Perimeter interceptors and four groundwater extraction sumps will be installed·. 
All intercptors will flow to extraction sumps. The leachate collected by the 
interceptors will be pumped via force main· to the site's proposed pretreatment 
system and sanitary sewer discharge (refer to Plan Sheets #9A and 9B). 

In addition to the groundwater interceptor piping system, one or more 
groundwater extraction wells will be installed. Tentative locations for the 
extraction wells are indicated on Plan Sheet #5 in Appendix I. The final number, 
depth, location and pumping rate of the extraction wells to be installed will be 
identified in the "Extraction Well Design Plan". The design of the extraction well 
system will be sufficient to meet the performance monitoring standards identified 
in the Performance Monitoring Plan (refer to Appendix D) taking into account the 
analyses of the effects of the leachate collection system on the contaminant 
plumes. The "Extraction Well Design Plan" will be submitted and the 
groundwater wells will be installed no later than as indicated on "The Schedule" 
(refer to Attachment VII). 

2.3.2.3 Leachate Collection System 

To prevent leachate from exiting the landfills along their southern and eastern 
boundaries, a leachate capture and collection system will be installed. This will 
consist of a trench drain consisting of a perforated collection pipe and drainage 
backfill (refer to Appendix C, "Technical Specifications", 02221 and 02426; and 
Plan Sheets #5, #6A, #6B, and #6C). 

The pipe invert elevations and the resulting pipe flow gradients will conform to 
the bottom of waste grades along the southern boundary of Property 9 and the 
eastern and southern boundaries of Property 9A. Based on available data, the 
lowest bottom of waste elevation is located in the southwest comer of Property 
9A. Two leachate collectors and one leachate extraction sump will be installed. 
Both collectors will discharge into a leachate collection and extraction sump to be 
installed at the low point. 

The existing leachate management system will continue to be utilized during the 
remediation effort. 
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2.3.2.4 Gas Venting System 

A gas collection and venting system will be installed along the perimeters of both 
landfills; as much as possible using the existing and proposed leachate collection 
systems (refer to Technical Specification 02433). Given the relatively small 
amounts of landfill gas currently being generated, passive vents will be utilized. 
The spacing and locations of the vents will be determined from the results of LFG 
monitoring. The vents will consist of 4-inch diameter PVC or HDPE standpipes 
set in the gravel trenching of the existing leachate collection system. The depth of 
each standpipe will vary with depth of gravel and adjacent bottom of waste 
elevations. The standpipes will be topped with 4-inch diameter PVC or HDPE 
inverted u-bends. Should it be required by the final end use, appropriate safety 
and efficiency modifications will be made to the venting system. 

2.3.2.5 Final Cover and Vegetation 

Final cover will consist of a 24-inch thick soil layer having a hydraulic 
permeability less than 1 x 10-5 cm/sec (refer· to Appendix C, "Technical 
Specifications", 02100, 02200 and 02210, 02210A and 02270, and Plan Sheet #4, 
"Top of Final Cover Grades"). These soils will meet or exceed the pem1eability 
requirements set forth in the engineering computations. Wherever possible, 
existing in-place cover soil will be utilized if it meets these thickness and 
permeability requirements. Additional soil will be obtained, as much as possible, 
from on-property sources resulting from excavation and regrading operations. 
The final surface grades will conform to design slopes and elevations. The final 
surface will be fertilized, seeded and mulched to establish a permanent vegetative 
cover. 

SMDA will perform construction dust control. Water wagons, water trucks, 
and/or sprinkler systems will be used to limit dust production. Construction 
methods ( capping with off property borrow soil) and active dust suppression will 
ensure that no potential exists for the existing cap to form a dust exposure 
pathway. Furthermore, nuisance dust (fugitive dust) from the construction effort 
will similarly be controlled with the dust suppression and pavement sweepers. 
The property supervisor and Health Safety Officer (HSO) will document visual 
observations and direct dust suppression efforts. The property supervisor and 
HSO have the authority to shut down operations if dust becomes a concern. 
PMl0 monitoring will be performed when specifically directed by the MDEQ. 
See the "Contingency Plan", Appendix E, for response to excessive dust. 

If uncovering the waste causes odors that violate Rule 901 of Air Quality rules, 
then SMDA shall immediately control the emissions using clean fill or foam. 
SMDA shall have available on site, the equipment for foam cover or clean fill for 
this purpose. 
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3.0 Implementation details and documentation (as relevant for the types of 
remedial actions proposed/implemented). 

3.0A For All RAPs 

3 .1 Documentation that criteria are appropriate for the site. 

The criteria for the landfill property are site specific. No site reuse will be allowed unless 
a site specific risk assessment for an alternative use is conducted as described in the 
restrictive covenant (refer to Appendix K, "Restrictive Covenant for Landfill 
Properties"). The property is zoned agricultural. 

The property will be used within the guidelines of the restrictive covenant.. Upon the 
approval of the MDEQ, other uses will be allowed if a demonstration is made that the 
exposures associated with the proposed use are consistent with ( or less than) the exposure 
assumptions in the RAP. 

The receptor that would have the most potential exposure is the groundskeeper. The 
exposure assumptions for a groundskeeper are consistent with the exposure assumptions 
used to derive the site specific criteria. No site reuse will be allowed unless a site specific 
risk assessment for an alternative use is conducted as described in the restrictive covenant 
-(refer to Appendix K, "Restrictive Covenant for Landfill Properties"). 

The criteria for areas outside the landfill property is generic residential. This ts 
appropriate as these areas are zoned and t;sed for residential or agricultural purposes. 

3 .2 Identification of rationale for indicator chemicals. 

Petro will test for indicator chemicals only to adhere to the discharge permits' 
requirements. Discharge sampling must fully comply with all permit requirements 
including any sampling and analysis requirements. Groundwater sampling will need to 
comply with the PMP, which is attached to the RAP. Per the PMP, sampling will include 
analyses for VOCs, metals and specified general chemistry parameters. After the first 
year of monitoring an assessment will be performed, subject to MDEQ approval, to 
determine which general chemistry parameters to continue analyzing. After two years, 
MDEQ will be petitioned to reduce the number of parameters analyzed and/or the 
frequency of monitoring. 

3.3 Source control analysis. 

The 1993 Review of Remedial Alternatives and the 1995 Report on Refined Evaluation 
of Remedial Alternatives for the SMDA Properties 9 and 9A prepared by the Dragun 
Corporation included the analysis of several source control options, including, excavation 
and off-property disposal of the waste, installation of a liner beneath the refuse and 
complete encapsulation of the waste materials. Each of these options was deemed 
inappropriate because of significant implementability problems as well as not being cost 
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effective. SMDA concurs with these conclusions and proposes a remedial action plan 
that does not require mass excavation and relocation of existing waste. 

Previous actions, such as the installation of a slurry wall on the north side of Property 9 
and the installation of leachate collection lines, have served to help control the on-going 
release from the waste materials. The proposed remedy includes improvements to the 
landfill cover to reduce infiltration of water into the waste mass. This along with the 
proposed leachate collection and groundwater interceptor trenches around the perimeter 
of the landfill will serve to control the leaching of contaminants from the source. The 
proposed restrictive covenant will serve to prevent activities that interfere with the 
containment of waste and prevent direct contact with the waste (refer to Appendix K, 
"Restrictive Covenant for Landfill Properties"). 

HELP Model analyses (see Attachment III) estimate that existing conditions result in 
approximately 6.10 inches of percolation through the cover each year. The proposed soil 
final cover is estimated to reduce this percolation rate by 99.5% to only 0.03 inches per 
year. An additional geomembrane layer installed as part of the proposed final cover 
would result in only an incremental further decrease in annual percolation. This further 
reduction is not justified given the cost of installing a geomembrane, protective soil cover 
and lateral drainage layer. Note that the assumptions used to nm the HELP Model are 
based on best available information. 

3.4 Schedule. 

Refer to Attachment VII "Schedufo". 

3.5 Implementation/construction monitoring. 

Construction implementation and monitoring details are provided in separate technical 
submittals. Attachment VII, "The Schedule" is a schedule of these technical submittals. 
Each of the submittals are intended to be reviewed and approved, as necessary, 
incompliance with "The Schedule" in the RAP, although the remedial actions cannot be 
fully implemented without the completed and implemented actions of these separate 
submittals. For instance, groundwater disposal is implied in this RAP; however, the 
actual discharge is detailed by permit. 

Refer to the "Quality Assurance Program Plan" in Appendix B, and "Technical 
Specifications" in Appendix C. Additional technical specifications and design 
parameters will be prepared and submitted to the MDEQ for review and comment for: 
(1) Extraction well design, including the number of wells, location of wells, materials, 
construction procedures, the vertical place of screens for these wells, and associated 
piping system; (2) Design of any necessary groundwater/leachate treatment systems, 
including the design associated with disposal of treated effluent; (3) Installation of 
additional monitoring wells and piezometers; (4) Installation of gas probes; (5) Any other 
elements to be constructed that do not have design details presented in the technical 
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specifications included in the RAP (see "The Schedule", Attachment VII). Upon 
completion of construction, as-built drawings will be submitted to MDEQ. 

3.6 Operation and Maintenance plans. 

The remediation systems will be maintained over the duration of the property clean up in 
order to ensure that they operate as required. The final cover layer and associated 
vegetative cover will be inspected in accordance with the "Operations and Maintenance 
Plan" (O&M) provided in Appendix H. Should evidence of erosion and vegetation loss 
be observed, additional soil placement and seeding will be performed. If necessary, 
temporary erosion control structures (silt fences and straw bales) will be installed until 
vegetation is reestablished. Erosion estimates and a copy of the erosion control permit are 
provided in Attachment I. 

Mechanical and electrical components of the groundwater extraction wells, groundwater 
interception and leachate collection systems will be operated and maintained in 
accordance with manufacturer's recommendations. Collection pipes for both systems 
will be inspected and if necessary flushed to remove accumulated sediments. 

Structures and facilities associated with NPDES or sanitary sewer discharge will also be 
operated and maintained in accordance with manufacturer's recommendations. The 
structures, facilities and equipment associated with the NPDES discharge or sanitary 
sewer discharge will be operated and maintained in accordance with their respective 
permits as well as manufacturer's recommendations. Permit documentation, submittals 
and renewals will be performed as required. Refer to Appendix H, "Operations and 
Maintenance Plan" (O&M) for a more detailed description of the operations and 
maintenance standards. 

Updates to the O&M plan will be prepared and sent to the MDEQ for review and 
comment upon: (1) Completion of the additional design elements; (2) Completion of 
construction; (3) When modifications are made to the remediation system; and ( 4) Every 
five years or as otherwise appropriate. 

3. 7 Plan for well abandonment. 

Wells are to be abandoned when they either: (a) go dry, or (b) chemical parameters are 
sufficient in accordance with the PMP and water head data is no longer necessary. Refer 
to Appendix C, "Technical Specifications", Section 02433 "Gas and Leachate 
Extraction/Wells". 

SMDA will submit a plan for abandonment of wells to the MDEQ in accordance with the 
requirements of the consent decree: 

"5.9 Abandonment of Wells Not Used for Long-term Monitoring: Within forty-five 
( 45 ) days after entry of this decree, SMDA shall submit a proposed plan and 
implementation schedule to the MDEQ for the identification and removal or plugging of 
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monitor wells that will not be utilized for long term monitoring at the Facility. Upon 
receiving MDEQ approval, SMDA shall properly remove or plug the identified monitor 
wells in accordance with the approved plan and the specifications set forth in ASTM 
Standard D 5299-92 (Standard Guide for Decommissioning Ground Water Wells, Vadose 
Zone Monitoring Devices, Boreholes, and Other Devices for Environmental Activities) or 
other relevant or applicable standards that am in effect at the time the wells are 
abandoned. SMDA shall report to the MDEQ the status of the plugging and 
abandonment of monitor wells in the Progress Reports to be submitted pursuant to 
Paragraph 5.13 of this Order. 

5.10 Abandonment of Wells Used for Long-term Monitoring: SMDA shall, upon 
completion of long-term monitoring, submit a proposed plan and implementation 
schedule to the MDEQ for the identification and removal or plugging of all 
remaining monitor wells at or related to the Facility. Upon receiving MDEQ 
approval, SMDA shall properly remove or plug the identified monitor wells in 
accordance with the approved plan and the specifications described in ASTM 
Standard D 5299-92 (Standard Guide for Decommissioning Ground Water Wells, 
Vadose Zone Monitoring Devices, Boreholes, and Other Devices for 
Environmental Activities) or other relevant or applicable standards that are in 
effect at the time the wells are abandoned. SMDA shall report to the MDEQ ihe 
status of the plugging and abandonment of monitor wells in the Progress Reports 
to be submitted pursuant to Paragraph 5.13 of this Order." 

3.8 Monitoring plans. 

The evaluation of the performance of the remedy will be in accordance with the 
requirements of the PMP. The PMP includes all aspects associated with operating and 
monitoring the site; it addresses how to monitor the effectiveness of the leachate and 
groundwater capture systems and includes some specific actions to be taken if certain 
conditions are encountered. The PMP does not address other necessary monitoring, such 
as, · monitoring associated with treatment systems, discharge permits, landfill gas 
management, compliance with use restrictions, etc. Aspects relating to operation and 
maintenance are contained in the O&M plan. The PMP addresses the following: 

1. Capture of health based contaminant plumes 

2. The installation and operation of monitoring wells, and associated sampling 
and testing 

3. Evaluation of leachate and groundwater elevation conditions 

4. Chemical monitoring of the groundwater and leachate samples 

5. Periodic review of the performance of the remediation 
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6. Modification (if necessary) of the remediation system, including removal of 
wells 

7. Groundwater and leachate collection pumping system performance 

After the first year of monitoring an assessment will be performed to determine which 
general chemistry parameters will continue to be analyzed for pursuant to the PMP. 
After two years, SMDA/Petro can petition the MDEQ to reduce the number of 
parameters analyzed and/or the frequency of monitoring. Refer to Section 5 "Monitoring 
Wells" of Appendix D, "Performance Monitoring Plan". 

3.9 Contingency Plans. 

Refer to Appendix E, "Contingency Plan" 

3.0B For RAPs Proposed to Meet "Generic" Criteria Categories other than 
Residential 

3.10 NAER. 

Not Applicable. 

3 .11 Evidence of zoning. 

Not Applicable. 

3.12 Statement confirming exposure assumptions. 

Not Applicable. 

3 .13 Possibility of exposures above generic at nearby properties. 

Not Applicable. 

3.0C For All RAPs Proposed to Meet "Limited" Criteria Categories or a Site Specific 
Criteria 

3 .14 Evidence of zoning. 

The Macomb County Landfill Properties 9 and 9A are currently zoned as "agricultural" 
by Macomb Township. As such it does not conflict with the site-specific cleanup 
category described by the RAP. A zoning map is included (refer to attached Figure 1, 
"Official Zoning Map"). 
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3 .15 Language for restrictive covenants/local ordinances/ other institutional controls. 

Restrictive covenants are a practical means to prevent the use of groundwater for 
personal use (refer to Appendix K, "Restrictive Covenant for Landfill Properties"). 

Pursuant to the Consent Decree, any activities that interfere with the remediation effort, 
operation and maintenance of the remediation system, groundwater performanc_e 
monitoring, or any other component of the remediation system will be strictly prohibited. 
This includes all activities that may result in exposures above the levels established in the 
PMP such as excavation or otherwise breaching the final cover layer. A restrictive 
covenant is to be placed on the landfill properties, and statements from the property 
owners that they agree to such restrictions and agree to have it recorded with the register 
of deeds (refer to Attachment K). The restrictive covenant includes provisions to comply 
with §20120b(4) (a) through (f). In addition to limitations on excavation and other 
activities that interfere with the remedial operations, the covenant prohibits installation of 
groundwater wells other than wells for response activity. The restrictive covenant 
limiting interference with the integrity of the cap, for example, limiting excavation into 
the cap, require repairs· to accidental damage to ·the cap, mow grass, maintain fence (as 
appropriate). 

The restrictions limit the future use to no use, unless and until a site-specific risk 
assessment for an alternate use is performed and approved by the MDEQ. Also, the 
restrictive covenant prohibits placement of structures on the landfill cap. The covenant 
also prohibits . structures unless design details for such structures and a methane 
initigation plan are submitted to the Michigan DEQ for review and approval. 

If structures to be constructed on the landfill cap are proposed, MDEQ would first need to 
review the design details to determine all potential safety and implementation issues were 
adequately addressed. Assuming the MDEQ concurred with the design and assessment, 
the restrictive covenant could then be modified. 

The final RAP also includes a statement from the property owners that they will place 
these restrictions on the property. As is stated in the Consent Decree, "5.7 Deed 
Restrictions: Within twenty-one (21) days of SMDA's completion of construction of the 
leachate collection/treatment system, SMDA shall record with the Macomb County 
Register of Deeds the appropriate deed restriction included herewith as Appendix K. 
SMDA shall provide a true copy of the recorded restrictive covenant to the MDEQ within 
ten (10) days of its receipt of a copy from the Register of Deeds." 

Pursuant to the Consent Decree, fourteen ( 14) days prior to conveyance of the title, 
easement or other interest in the property, the property owner will notify the MDEQ of 
the potential transaction. No property transaction will be finalized until the owner makes 
provisions for continued compliance with the remedial action plan. 
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It is currently planned that the property be used for activities allowed by a site-specific 
risk assessment after remediation is completed. Land use restrictions will be posted at 
the entrance to the site. 

Within the guidelines of the site's Health and Safety Plan (HASP), representatives of 
MDEQ will be granted access to the property at reasonable times during and after the 
remediation effort for the purposes determining monitoring compliance with the remedial 
action plan. A copy of this HASP is provided in Appendix A. Applicable restrictions to 
property activities may be enforced by MDEQ. 

3 .16 Monitoring plans. 

Refer to Section 3.8. 

3 .17 Operation and maintenance plans. 

Refer to Section 3 .6. 

3 .18 Specifications for permanent markers. 

Permanent markers consisting of plaques on concrete piers will be utilized as 
informational markers. The main "informational" marker(s) need to be located at points 
of ingress/egress. 

The markers will include the following information: (1) a map delineating the area of 
concern; e.g. the boundary of a capped area where excavation restrictions have been 
imposed, along with a "you are here" reference; (2) an inscription which states that the 
property is contaminated (or is a solid waste disposal area) and has been the subject of 
environmental remediation under state law; (3) a general description of the restrictions 
applicable to the property (e.g., no excavation); and, (4) the liber and page number of the 
restrictive covenant as recorded in the appropriate county Register of Deeds office. 

Smaller numbered "satellite" markers will also need to be placed around the site's 
perimeter at each comer. The numbered markers would also be delineated on the map(s) 
contained on the main marker( s). · 

The map satisfies the requirement of Section 20120b(3)(d), which states that the 
permanent markers must describe the restricted area. The reference to the recorded 
restrictive covenant (including liber and page number) satisfies the requirement that the 
permanent marker specify the nature of any restrictions, provided a general statement is 
included in the main marker(s). 

The restrictive covenant will also have a survey that delineates the extent of the landfilled 
areas and shows their relationship to the property boundaries. A registered land surveyor 
will prepare the survey. 
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3 .19 Proposed financial assurance mechanism. 

The facility includes property that is owned by Macomb Township and the .SMDA (who 
is the liable party), whose municipal entities have the power to levy taxes and therefore 
do not need a financial assurance mechanism. 

3 .20 Proposed legally enforceable agreement. 

The legally enforceable agreement is the Consent Decree to which this RAP is attached. 

3.0D For all RAPs that Address Aquifer Contamination 

3.21 Aquifer monitoring plan (may be part of 3.8 or 3.16). 

Refer to section 3 .16. 

3.22 Rule 705 Waiver Request(s) (if not R705(5) and/or (6) compliant). 

Rule 705(5) reads as follows: 

"Rule 705. (5) The horizontal and vertical extent of hazardous substance concentrations 
in an aquifer above the higher of either th.;) :~oncentration aHowed by R 299 .5709 Section 
20120A(l)(A) of the Act and the relevant Rules in Part 7 of these Rules shall not increase 
after the initiation of remedial actions to address an aqaif(~r~ except as provided in section 
20118(5) and (6) of the Act and Subruie (7) of this Rule.'~ 

A waiver of Rule 705(5) was requested on May 15, 2001 against the possibility that the 
extent of the plume that exceeds aesthetic based residential standards may expand 
somewhat immediately after installation of the remediation systems. Rule 705(5) states 
that the horizontal and vertical extent of hazardous substance concentrations in an aquifer 
shall not increase after the initiation of remedial actions to address the aquifer, except as 
approved by the director of MDEQ. The intent of the RAP is to capture and remediate 
the groundwater plume that exceeds the health-based residential standards, however, 
there is a larger plume that exceeds the aesthetic based residential standards. Since the 
remediation system will not be designed to capture this larger plume, it is reasonable to 
expect that it may expand for some period of time after the remediation is initiated. Over 
a longer period of time it is anticipated that this plume will diminish, as continued 
loading to the aquifer is eliminated by the remediation system. Therefore this RAP 
would require a waiver to allow expansion of the aesthetic plume during initial stages of 
remediation. 
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3.0E For all RAPs where Groundwater Vents to Surface Water 

3 .23 Evidence of Part 31 compliance; mixing zone based discharge criteria (if 
relevant). 

Not used. 

3.0F For RAPs where Facility does or may Impact Great Lakes 

3 .24 Compliance with Great Lakes Water Quality Agreements. 

Not used. 

3.0G For RAPs where Department has not Calculated a Criterion for a Hazardous 
Substance for a Given Exposure Pathway 

3 .25 Data for calculation of a new criterion. 

Not used. 

4.0 Referenced and/or appended supporting information. 

4.1 Remedial investigation reports and data. 

The following is a list of investigative reports utilized in the writing of this RAP: 

• "Remedial Investigation Report, South Macomb Disposal Authority, Macomb . 
County, Michigan, EPA WA No. 193-5LS4", Ch2M-Hill~ dated August 1990. 

• "Hydrogeological Investigation, South Macomb Disposal Authority Landfill, 
Sites9 and 9A", Dragun Corporation, dated September 1994. 

• "Final Report on Hydrogeological Investigation, South Macomb Disposal 
Authority Landfill, Sites9 and 9A", Dragun Corporation, dated February 
1995. 

• "Boring Logs (Domestic Wells, NTH Wells and Borings, SMDA 88xx Series, 
GZA Borings, ICF/SRW Borings", Dragun Corporation, compiled September 
1998. 

• "Well and Sump Test Results (LCS Pump Test Work Plan, raw Data and 
Analysis from Single Well Tests, Data from LCS Pump Test)", Dragun 
Corporation, compiled September 1998. 

• "Vertical Aquifer Sampling Results for 598R, 9712, 594R, 9705, 9715, and 
9716 Locations, Supplemental Plume Delineation Activities, SMDA Sites 9 
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and 9A, Macomb County Michigan, reference No. 11413", Conestoga-Rovers 
Associates, dated November 1999. 

• "Supplemental Plume Delineation Report, SMDA Sites 9 and 9A, Macomb 
County, Michigan, Reference No. 11413(21)", Conestoga-Rovers Associates, 
dated June 2000. 

4.2 Feasibility study reports and data. 

The following is a list of feasibility studies utilized in the writing of this RAP: 

4.3 

• "Progress Report on Bench-Scale Treatability Study, SMDA Landfill, Site 
9and 9A", Dragun Corporation, dated October 1994. 

• "Report on Refined Evaluation of Remedial Alternatives for South Macomb 
Disposal Authority Sites 9 and 9A", Dragun Corporation, dated May 1995. 

• "Conceptual Design for Remedial Action, SMDA Sites 9 and 9A, Macomb 
County, Michigan, reference No. 11413 (20)", Conestoga-Rovers Associates, 
dated November 1998. 

• "Pre-Design Investigation Report, SMDA Sites 9 and 9A, Macomb County, 
Michigan, reference No. 11413 (20)", Conestoga-Rovers Associates, dated 
August 2000. 

Site specific risk assessments. 

Refer to "Remedial Investigation Report, South Macomb Disposal Authority, Macomb · 
County, Michigan, EPA WA No. 193-5LS4", Ch2M-Hill, dated August 1990. The 
cleanup categories in the RAP do not rely on the risk assessment contained in the 
remedial investigation report. No site reuse will be allowed unless a site specific risk 
assessment for an alternative use is conducted as described in the restrictive covenant 
(refer to Appendix K, "Restrictive Covenant for Landfill Properties"). 

4.4 Treatability test results. 

Refer to "Progress Report on Bench-Scale Treatability Study, SMDA Landfill, Property 
9and 9A", Dragun Corporation, dated October 1994 and "Report on Refined Evaluation 
of Remedial Alternatives for South Macomb Disposal Authority Sites 9 and 9A", Dragun 
Corporation, dated May 1995. 

4.5 Process and materials specifications (for treatment, recovery, and/or isolation 
systems). 

Refer to the Technical Specifications in Appendix C. 
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4.6 Maps, photos, diagrams, and flow charts. 

Refer to Appendix I, "Drawing Set". 

4.7 Design details. 

Refer to Appendix I, "Drawing Set". 

4.8 Related permits obtained or anticipated. 

The following permits may be obtained in addition to this RAP: 

4.9 

• A discharge permit that will allow the discharge of pretreated contaminated 
groundwater and leachate to a sanitary sewer system and wastewater treatment 
plant owned by the Detroit MSD. 

• A soil and erosion permit from Macomb County. 

• Possible air quality permit from MDEQ. 

• Permit to work in forested wetland south of Property 9. 

Analytical and statistical methodologies used and to be employed. 

"Student T" with 3 standards deviations will be the statistical methodology. This 
methodology will be used to calculate background levels 

The analytical methods to be used are described in the PMP and the QAPP. 

The only statistical methods to be employed will be for the calculation of background 
levels in groundwater. Facility specific background levels will be determined using an 
appropriate data set by calculating the mean plus three standard deviations. An 
appropriate data set will consist of data from at least three background wells collected 
over at least four quarters. Comparison of facility data to the background levels will be 
on a point by point basis. 

4.10 Request and support for mixing zone based GSI criteria (pursued prior to RAP). 

Not used. 

4.11 QA/QC protocols. 

Refer to Appendix B, "Quality Assurance Program Plan (with Chain of Custody)". 
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4.12 Clean up verification demonstrations (VSR results etc.). 

Refer to Appendix D, "Performance Monitoring Plan" (PMP) and Appendix H, 
"Operations and Maintenance Plan" (O&M). 

4.13 Section 20d(3) public notice information (if relevant and available). 

Because of the "site-specific" cleanup category and the waiver of Rule 705(5), public 
notice will be required. This will be in conformance with the public notice required by 
the court process that meets the Part 201 requirements. 
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Attachment I 
Erosion Control 
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PETRO ENVIRONMENTAL TECHNOLOGIES 
ENGINEERING COMPUTATION SHEET 

________________________ SHEET _____ OF _____ _ 
~851 Palace Drive, Cincinnati, Ohio ./52-19 Phone (513)./89-6';89 Fax (513(./89-'."208 

PROJECT I PROPOSAL NAME PREPARED CHECKED PROJECT I PROPOSAL NUMBER 

BY: BY: 

DATE: DATE: 

SUBJECT: 

Potential Erosion of the Proposed Final Grades. 

PURPOSE AND OBJECTIVE: 

The following computations were performed to estimate the potential for erosion of the final 
landfill cover. The computations utilized the Universal Soil Loss Equation. 

DESIGN ASSUMPTIONS AND CONDITIONS: 

1. The final cover is constructed in conformance with the design grades and elevation. 

2. Complete vegetation is established over the final cover in conformance with the design. 

METHODOLOGY: 

The erosion estimates are derived from the Universal Soil Loss equation: 

A = R * K * LS * C * P 

Where, 

A = Annual soil loss in tons per acre 
R = Rainfaff and run-off erosivity index ( dimensionless) 
K = Soil erodibility factor (dimensionless) 
LS= Slope-length factor (dimensionless) , 
C = Cover/vegetation management factor (dimensionless) 
P = Practice factor (dimensionless) · 

MATERIAL CHARACTERISTICS: 

The site is located in southeastern Michigan and therefore has an R = 100. It is assumed that 
sandy clay common to the region, with a K = 0.13, are utilized in the final cover layer. The slope 
grade is constructed at I% with varying slope lengths for each watershed. LS therefore varies for 
each watershed. A final vegetative establishment equivalent to a moderate meadow is anticipated 
with a C value of 0.01. Track walking of the final cover prior to seeding would result in a P = 0.9. 
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PETRO ENVIltONMENTAL TECHNOLOGIES 
ENGINEERING COMPUTATION SHEET 

________________________ SHEET _____ OF _____ _ 
-:asJ Palace Driw, Cincin11aJi, Ohio -152-19 Phone (513)-189-6;'89 Fax (513(-189-7208 

PROJECT/ PROPOSAL NAME PREPARED CHECKED PROJECT / PROPOSAL NUMBER 

BY: BY: 

DATE: DATE: 

COMPUTATIONS: 

See attached spreadsheets and supporting documentation. 

CONCLUSIONS: 

Given the very shallow final grades proposed for the landfill, maximum anticipated erosion is 
equivalent to 0.04 tons per acre. This is well below regulatory standards for erosion control. 

The earthwork will require a soil erosion control :md sedimentation permit. All work will be 
done in accordance with that permit and that as a part of the permit requirements, a soil 
erosion and sedimentation control plan has been prepared. 

REFERENCES: 

Soil and Erosion Permit #57738 issued by Macomb County on March 30, 2001 (see 
attached). 
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PERMIT 

PART 91 OF ACT 451 OF 1994 

APPROXIMATE STARTING DATE __ "C.'0-.:::5:-r,'~•+i':t":. lr-:,M' 2~1t1~@t-:il:--------

APPROXIMATE COMPLETION DATE __.0...._.-::-.,,__1...,·::i~,~~'~2.,..0~0-.....~j--------

Applicant: PETRO ENlJIRONMENTAL TECHNOLOGIES Telephone: 513-489-6789 

Date Issued: 03/20/2001 Permit Number: ___ 5_-_/7_, _3_8~,--.,.-
Review plans $ 3 / • IZ10 

Expiration Date: 03/20/2002 Permit $ 3(!1. Q11Z1 

lnsp. 3 s g0. 00 
Location: MACOMB TWP FEE: $ 

1 77. QIIZl 

Under the provisions of Part 91 of Act 451 of 1994 authority is hereby granted to: 

INSTALL & MAINTAIN SEDIMENT CONTROL AT LAND FILL REMEDIATION 

**N.P.D.~.S. PERMIT REQUIRED 

in the county of Macomb. (Section ____ 1 __ 5 __ N_1 __ /_2 _________ T ____ R. ___ _ 

Plat: SOUTH MACOMB DISPOSAL Lot: PARCEL 

Address: UNKNOWN Street: ___ 2=--4_M_I-'--L"'""E~---------
Work to be done under authority of this permit is subject to the following special restrictions, limitations and 
instructions: 

S~~ CONTROL PLAN Afl"~ ON PRINT 

For information call 469-5327. 

PERMIT NOT TRANSFERABLE 
FEES NOT REFUNDABLE 
PERMIT EXPIRES ONE YEAR FROM DATE OF ISSUE 

THIS PERMIT DOES NOT OBVIATE THE NEED FOR OTHER LOCAL. STATE AND FEDERAL PERMITS 

ANTHONY V. MARROCCO 
County Soil Erosion 

& Sediment Control Agent 
Macomb County. Michigan 
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7. )lemarks: ;1,./~ DE 5 r-,."''1"; red . ,;,eu :.; ;~ ,_' ~ :·:.._.,;:,,,' G,i,. ·.-•.:,,c, .. : - ·•·-

8:::-Nearesrwater courie:~~s /_v ~ ~~-:z::__-: .. ~Name:: ~ ~B f;lj-j~~-1:·::D c-~,- ,,_.. ., .. 
· .--•: · · ·. -{dis. tance) . :·. :~L.:; 

?(;~~\;E~¥~~~V!Jj}fJJ~~f )}fj;~s~- i.~~::"·~::~~~:~:~j~i:'.;~,:~~~j•;::_~ . 
f yp~d o~ p~te~ n~e_;: _ . · 0 ~: c-~, · f. 'l)·_; r.r-:, . . J. (f! t:~ j c--1 rv1 ~--~ :> u-) ·. . · 
c-~~P~; ~~e;,--::.;.:11l:r·~~rf~~\~ ;~.£.;, ~ L~-~~; ~ ½.. (~ · ;r~.j~ . .:, t ~ 4i' ~-!,-~,~ 2. ;:,, c,... . , , " 

Address: -----------------------------------
c i o/ J~~~2fj~~;ir ; '? , ,,<;_:·~: 'Y\•j ;;; ~ ~,~: ; : ; ;~Ti;'}' -. -<1 ff '1: ~/ \~ :· • . - . -.•. --

Phone Number'(Incfude area code):.. .. . . S 1 1· - ·LJ ~ <=f ~. (.·i 'd'1:-•.>;S{~:; •~:--L :. - ·_::· ·: 

Date: J(/\,;,,~t:,,.I'J 1.7, 2~ / S13,.. 4 ~., - 7 z~ ~ {r:1r-Y) 
\~t~Y\<:_; _. Jv_ 1~:>i)t ;~:f:vfH-:.Jf~ \-$ >:-.:o::·'-'·~: : ,::, .. :ioi t·;\bc1_:ru ~ ;3-;iJ, -:0onu:. :.i~ .e:q~Erta :-:J~f.s · GE ,-.'?:.-·.'/.: ._,, 

·: . .. · ·., · a ""'···r.\ ·,,...:,_:_ .. tns __ , ....... ~' .. "'._ 1·1: ~-, ·...,_; ... -.."' Srt"· :,• ,_ ... ,.... . _..._.;·~,~· .. Q · . . .. {8fh.10:t;l ~rH.,. .. ~v -i, '::::11.: -.,S _...,r:, r•6;,,:-,.fl01.c;-,..:.;;.1i1rf!~-..: J .,:.,-9,.:)rh:;...,r; .__:!:-.., 1..;,,1. 

Return completed appli~ti<:>n and accompanying material to: • · · · . '"" . ~ · 
. .. . . . . . 

· · -FANTHONY V. lvlARROCCO 
: Macomb Cou.nty Pubiic Works Commissione; · · ., · 

County Soil Erosion & Sediment Control Agent · 
115 South Groesoeck Highway, PO Box 806 
Mount Clemens, Michigarr7:t8046-0806 
( 810)469-5327 

. ~ ......... ·-· .. 
.. -·· 

APPLICATIONS .NOT FULLY COMPLETED WILL BE RETURNED . • 
·(See instructions on reverse side) 
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l'et 1·0 Env i ron111ent a 1 Tech110 log i es, Inc. 
·1051 l'alace llrive 
Ci11ci1111ati, Ohio 45249 

• : Values inputted 111a1111ally 

I. \-latershi,d, .Site 9 

A. II· value 
(so11theastcn1 Michigan) 

"· K-value = 
I sandy clay 1dth 2\ ot"ganics, 

C. LS-value 

(refer to attached tabl el 

0. C-value = 

llate: 
l'10Jecl: 

assumed) 

""""""""""" M<1crn111> County t.a11clt 111 

9-1 

100,00 

0. 1) 

0.25 (900',1\} 

0.01 
(equivalent to moderately productive meadow) 

£. P-value = 0.90 

ltrac:kwalked slope) !,' ·i 
F. 11111111a l soi 1 loss, A = II,•'. 0.0) ton/acre 

(R K LS C Pl 58.50 lbs/acre 

G. Annual soi I loss volume, Av 0 .19 ct/acre 
(l 20 pcf density) 

II. l~ate1·shed area, am = 15.49 acre 

I 1·ef e1· to attached map) 

I. Annual soi I acc111111J!at ion, Aa = 7.55 ct 
(Av am, ac,·e) 

II. Hat .. rshed, Site 9A 9A-l 

I\. R-valua 100,00 

(southeastern Michigan) 

n. K-value = 0.1) 

(sandy clay with 2\ organics, assumed) 

C. LS-value 0.20 (,jOO I, 1\) 

(refer to attached table) 

0. C· va Jue = 0.01 

(equivalent to motlerately p1·od11ct i ve meadow) 

£. P·value = 0.90 

(trackwalked slope) 

f'. A111111a I ~oil loss. A = 0.02 ton/acre 

Ill K LS C I') 46.80 lbs/acre 

n. An1111al soi I loss vol111ne, J\V o. l9 cf/acre 

(120 pcf density) 
II. Hat en;lii::d area, atn = 14 .12 acre 

(n,te,· to attached 111apl 

I. A11n11al soil accumulation, Aa = 5.62 cf 

(Av am, acre) 

( 

9-l 9-] 

100.00 100.00 

0,1) 0.1) 

0. 24 (800 I, 1 \) 0. 11 ( 1500 I, l\} 

0.01 0.01 

0.90 0. 90 

0.0) ton/acre 0.04 ton/acre 
56. I 6 llls/ac1e 72 54 11,s/acre 

0. 41 cf /ac1·e 0.60 cf/acre 

5.89 acre 22.48 ac1e 

2.76 ct ll.59 ct 

9A-l 9A-l 9A-i 

100,00 100.00 100.00 

o·. i l 0.)) 0.1) 

0,26 (1000',l\) 0.26 I 1050 •, 1 \) 0. l 6 ( 200', 1 \) 

I 
0.01 0. O,l 0 01 

0.90 0.90 0. 90 

0.0) ton/acre 0.0) ton/acre 0.02 ton/acre 
60.84 l!Js/acre 60.84 Ills/acre 37.4-1 lbs/acre 

0.51 cf/acre o.si cf/acre o. ll ct /ac1·e 

)0,05 acre 21. 09 ii Cl C! 0.99 ac1·c 

l 5. 6-1 cf 12.62 cf 0. ll ct 
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SZC'!'!C~ :.o 

r 
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~e!l .:-a.::..::c.:::-c-::s s-:::-:.:.-:.e ba.:-~ sc!.:!. cove:-. a.~ .a higl:! veloci-ty, t=.e:.r s:7.e::.-:e.:-
3cil g:-a.::.ules an~·clo~s a_~~ d;~ac~ ~e...-:icl~s. S~e~~ e~osicr. :ollc~s vh~:::-e 
d.e-:::..c~~d. sc:.l ?a;-:::.c.l.es e.:e -==-~s-pc~ed. 1.:...-::.:or::2:r dc ..... r::s2.o~e. R:i.2.2. e:::s.:.on 
cievelc-ps :..=. :::::.a:i.,els c!:2.y :.:ic=.es i::. c.ept:.-:.. • .. ·he::. sc:...2. ?a:--:::..~.2..es a:-~ ~e-:.a::~ec. ·~y 
cc::.c~=--==-~-:e':.· .. flc",t,'a::C. by sl::?i=.g c! ~d.e:~-.,"". si.C.e~alls- T".:ie .. ca~a.=i:.i::7 o·f. 
::-....:..-:= f:' to C.etac::. SC°i~:...: :..=.c:::-ee.S es a.p~z--;:~-:e,ly c!..S t:::.e SG;l!.!:.:"e cf:_:_~::e s=.e?,:" ... 
s-:.:-ess. Cc::.se-::_i::.e!l-:.ly·, =:-.:.ll e=-:siotl. i.=.c::-eases .. ~-:h i:=.c::-!:~:.:lg-sl.ope: .a::.=. .. c~
n.el l.e~b..,. •:-·i:..!.l.e sb.e~'t'._ e::s:.011 c::n:rc.; nu.es mo:-e ~.:i..fo:-.., y be~ .. -ee=, t.he :-:.2.2.s ;. 
-=-~a-::.-... e· C-:Jt::":::-ib1.::t.::.c:c.s ~= t::::~al soii less d:..:""':'e:- 1ir""7-":t:. scil.-anc.··Si.!:":'a::e 
C~ c.::.:, -:.:.o r!S • 

· ..... :. 

The· mes-= e.c=-=~::e -scil --loss -o:~ci.c-::.or.. tocl t~": is-·. o.os;..· fi:e..lc.:....C~e:e::.i.o=a.l. 
:.s ~:i~.-.-UsDA ·c.: 7e:"~~'.· s:~12.· l;ss e6ua-::i.o::--·(usf":-). 62 ~s·,' ~u~:~Yo·n Sa;· "be4=!:.: 
Use,.. .;:,,.._.-.a,;;.;..;,..,., .... :~,- .. .;::....s..:o.,.._,....,.,....;:_o, .... "1e ...... ..: ...... ..-,...,_; _..,.,. 0 --·b.··.,·:.,.. ·:-.·:···c.-e·~-:i,..:e .:'!"'l· ... ;_,e 

- .,....,_ ~ .... 7._..._....,~ - '-'- -. - .... -..._.,,.._,_,_ - ~ --0 -'-'• ........ - "- ....... ~ ---- -""• '--

ee..s-:e_-:i s-:.ates .anc. i~ ~~ov.also- .t:..Se-i to a I.~"':.etl. e..--ct.e!:.-c :.z:1 ·~b.e:.v-es-te._-::. s-:~:tes, 
Ea4 

.. "'a.ii :f . a..=.c. :.s ev~al: tor ei~ -cow:i::::-:.es. ·DeveJ..opien-: o! -:.be equs.:tici:. has in
.vc:. ve•i~ 1:he ... ar.aJ.ysis: -01"~-::t-h'e .. ?"ecor:.s f::-cz:i more "':.!::.~ 10,000 -olcrt-ye·0 -s cf eios:.cc. 
:s"':uc!:.. e~ a~-- ~2 ·:-es·e~;;;;;h. ~at':.'c=.s ~ '!::le usu i.s.: a.?plicable to· soii 'c~e · OVe.!" 

scl.::.c. -;."'2.s't.e v:.::.::. l.!=. t'a~i-ons as d.:.sc'.!Ssed. unde::- DS'E OF USLE :CR :J2:S::G1. 

'!'he Us:2 p::-o-v:.·c.:e.:r i-..e::-~e soil loss as . -::~e -::,roc::.:.c-: er: 
.co_ . .,,-... -:~ .. --~ (~- .. -:-.. ...:.oc:,-i::i..""1.:--,. a=.c.· - .. .: .. f",,,_~.,.. .... s.:r•·:-·) ~c. :'01.:: 

c;,,. -- """-- -- ~ __ ,.._ ---------- --- - -1,J-
::~e e'::1U.c.:::.c~ is 

A = t:,"'• ..... c~-o. -: ·.; ~ i: .·C' - • .: -'"',.. ,::)..,. -c · _, e:.-~-- so~- ... "7o_s, _;:i " ... ,~s ;, __ 2.c __ , 
:'2.(:-:c::::;:--~ ~-:-~:1::.~. ;:_.-~'..le..J..) 

R = !"~i=.f a.l.l· !:!.!::.C.. ::-uno::r ~os iv:. --cy illc.~-.: 
r-: - so.:.2..· e~oci5.. ::.:....::i:r- •.fic--:::ir 
~ = slc~e-le~g~~ ~ac~cr 
S = s~aue~s~e~~~ess fac~o~ 
c· ::. -~·.~v~r/!l!az:~e!!le~t ·f::.ctc:-. 

= ?~ac~ic;:fic~or 

, -,-
--1 

--c-.."'O. ~1;..2...-:::::. t:a-::::v·e 
~~a.lita~~7e ~~~~=~~-

( 2. 6) 
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es::ss ~.C. NU77ING CJ. ➔ 4ES720B N0.238 

:..cs s. :: . . . 
---~'-01"" 

. ' --.:..CC!!- .:..:.. 

... -~- .. , -,, .... 0 59; : ... =:- S~'=:-1:c::- s;e::..:--~(: 
:c:- ::~,: pe:-~oc.·. :::: is s::,ec:..:::.c~~.::.:,· 

~s : -- 0 
... s.: --y -·· ~::::..es o~= 

~ s a.:,. s o :, , ·a' "' ~ '- ' => • : C 
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_ ... __ _ 

:, --· ... 
:.=.:.o ::i"..l.C":ess::.::e :..::.c.:-~~.::.-:S o:· esse~-c::.a2.lyr-U=.i.::~OC .t~~e::,s:_ "':.:;:, '~s:..=.g -:~: :-:_~2.
:::..~::. ~~ c-:=;::-..:.: e "=' ci' eac:! :.nc:-e!ne~t., ~c.: t~e!l s, . .;,.;-.;...: ~~. 'T'b 0 .,.. 0 

~: - .: -::- c :"' $C ~.:.. 

:::ss := ::: is 2-:.::e:a=; t=.ere.:'c=e, :..:it;i,.-i.C."'--=:al-s-t:::-::.· Values c: .... :::~ c~-. '-- 0 ~-·--~-: 
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~ne~e s~o~1::.e:~ ~·..!..~~~: ~~ ~ccie=~:e :o s~e~p s:o?es is ~~g-~ r:.~-

( 2..::._,; '.:S"";; ~! -..:-;;--c.:-:..) 

0~ ~ie Coas~a.l ?:~i~s c: :je Sc~:~eas~ (a~jus~;::: do~ .. ~~~:..) 
?::".=: o: 350 =.as bee!: '\.!.Se-:. ~e:=.pcr:?.::-:.2.y, ?e=.c.::.:::.g :-ese!::-=:.. 

'!':.e ave.:-a;;:-e i:::.c=eise , .... sci.l •less ".Ji tb. :iic.:-ee.se --· z:: ··:::.:.::':'e:::-s :':::-= sc.:.2. 

NC . .::::::: 

-,,_ 5.,_i_~ eVP_!'. ••":no""' ')-,::i.;..:.'°'. _Q. 1i··•••.:;_C,_-.::_C'"""'""''""';., ••.. .--,ye-.-• ..,,,..,.; fflP,.,PC:-0....,..,..,- . -, 
-...,...,,, - - ""' -...-.. ,., ~-• .... ----- 7 ·- -..-.Jo- c....i.J-J l '-"-' - 7 .__.i..-.. •----:::, __ ._._ • .., ;;"'~.::_ : •• ~ sa.::e • 
~:.e :a.c:.=r i( .:.s u..se-1:-~o. c.:..-~-:~~;~ ;r: suci i{:-.:~:-·e·~ces 2.nd is -·~ 0 0 v 0 -..,g ... sc~: 
l.css :.:;. toc.s ?e::- a.c=e, ·pe= ,~;..., ": o: .. R , f::- ;. 6:...-~ s~::...:. on a "u.:.i--:. ;.:..o-: 11 ke
f:~ei as 72.6 f~ lo::.g -~-it~ 9 ~e~ce~~· s:c~e, c~~~i:::::.:.ous fa.2..::!.ov, ao.d ~:.:~e~ 
-pe..:-~e.:. :o t:1e la.=.c. ·slope'). -_Lo=-g-ce==. ?.:.o~ s-:-..i.ci:..es \..:=.:..e::- c!!.~u=c.2. :-c.:.~a.2..: 
~~oc.uce-i K va.2.ues -a~~'--~--- O oi -"' O ~a - . . - "--e-~ _ .. - ...,_ • - --""' . • ..., ,,,, • 

Ge::e::-al~, · i t.--~has·· ;.be~~ rau=.:c. ~::::~: K ~~ 2-:f ::-=~ed._ '?Y pa:--::.:::;-s.:.:.:e =.::.s-
t::-:. ·:m-::.c~. (.pe~~e·i::::. sa.=.d.;• s.:.:.::, 2.llc. :l~y), .. cr0a.::ic-J:.a:-:-:e::- ,·con~e!:!:--:., '3c=-~ s:.::--..i~
-:.-.:=e, a..::.d·pe..."'":l.ea.biii-:y-.---- !=. .. ·::-e~-=.•·:..:::o·,.-:~e g:-a:.~ ·s:.::::.es, .~r.e~J ·:"::..ne sa..":.=. (0 .• 05-
0.2.0 =.) conte~-::is-~:o:-e ~!':'-e~-<;ively :.::.cl'.!cie-::·:'1,, .... _~t c:- c2.a.ssi.:.:.ed. ~s s:.:-:. '!'::e 
ncJ:10..:::-a::ih i::::i·. :'igu:.i'.-.'60·- has. oe~~ d-e~el'c-:ie·d. :':"or: ~i:::·:..c~ :-P::a::icr:..s=..:.-::s0l in 
C 

... .: "': ... :_ .... ..:~.: ........ ...,.:;. · -f'·o·r· _::.,..;. so·~, - - · -
':- - - W-.1 ~- .._ __ '- ""'" .... • C:...4,,J ....__ • 

T:ie c.cmcg=:-a-=h. solu:~::.c:::. ?:.S.'J" be· i=?rcv~ --'i;:-. ac~-..::-2.::--_r :'or· sc:::::.e s-::e-: :.al con
c.:.-:.:.cilS. Se~a=:a~e·\":,C•':·:v-e.l.u~s can.:.oe .ob~a.:.::1etl for: __ c:lays :f~-.:;.c.::y ·e:..cl. vet seasc::.s 
bv t!.S~ :lg aI;~·_:i~ tI::i:{br::~ =n .. .; ...:·g<: . .; .:.c:-0 e.se,.: pe::::e 0 r'\.; i-:~--~ ~i ..... .; ~gs a---or-----,. 
a~e f~r L~,. -~i~~t1·:•:·.c•~;i -~i::.;.;;~:-.a..~ s~~o-:i:.-: ·oc:·tas~~~-ie~~y.~~-b~t·c7=.=.· ~~;~~;--
ac::·.1:"acy oy :::-eg-e.=-:.:Ln; lees e g::-avef' a:- :-od: f::-a.g:e!::::s en -"t.b.·e s~-:a::·e as ;a:-::.2..:.. 
rnt:.l==: c-::-ve!" ~=- ::-educi.=.g -:=.~ calC".Jl.a::. ed. K acc~r~i.:igly .::-- :Th~ ~c::.o~~~h-:- :.z.s 
be~:. ,aVE2.uat.ed.~as~· i.nade~...=.a.ie for·:.·-4 ._ s=-:.:.nguishiiig:•· eroa.io ~-,· / ty o!.:. h.ig:..~iiy . ::ub
scil ( suc=i.·'.as -e.:cc.a~ted. a.::ic!:. u.s~--a.s ·· sol.id -...-as1:.e- cove:-) ; ·-c:!le,..,.;-cal _.~rc-pe:-:.::..es c~ 
-;h~ soil becci:le ~-~.?r~~'t he=e:-: 82 __ : ~ta.-~~a. t.~ai- classes :J ,:';?.'::)ie Zi) a:~ 
:cc ·c::-cad ~o be e.cc...:=a~e ::..=.t!.:.cators c::- K fo::-· in ··s:. i~ ·-a-g:-:.c'.i::. t-..:t:·-z..:. sc:..:s ·:·.!-: 
:;ay be ,.,:se~u:2. to:; .!i.=s"t. a;:?ro.::::.; -e t:.cc.s of ::-e?:.olde~ "-1as-: e::,c::;ve:- soi.2.s . 

.:... 

7":-.e us::. ~coRo:::-a-:e:·~~f:'.ec~s .'.of g::-c~ci. ie~h._ a::.::.·/~e1:-:;::.ess _ ... <:.:-.~ .. c-:::.-
'c :.::e-:. -:,::,?cg:::-i?·r..:.-c .!'a-:-t.or :. i:S ~e s e~a:-a-: e . :'act.c::-s , __ an~· S 2..::-~ :ie 
-~-~ .... so.;, ·s_.:,·.:.,.c.:s- ,.., ·c---E:.:so- .... -= ... ...., :---.,_a_ .r-ci.m· ... ·:v=•· 11"iJ::i.:.· --;o-'·' ·.·::.-::-. 2:.·e~-::: • _w__ "". ~--<-:- .::. ·::-- --~ -. ~ . .,.. __ .__,..,. \,,., .i.._ " _:-"""~ - •.•. ,.. ='-:: ... -...J 

7~. 6 :~ a..r:d ~lc-oe·.:. 9..:--oer:::e~t, o-t:S.er---c-oric.:.t:.-oc.s .... ::-e::i.i.::.:.~)c:oi:.s-t.~~-c. ::-:-2 ler...s-:::: 
C .,. '""'OC .,_..,· ··( <'T".,,b,·e· ,:2·P-.. ) ·1:· s· --'c- -·..,e: 0 ,,..~-r·:.c~ ""1 o~· · .... o·.----~ .. ;· .. ,,;.:;,.; :...·:; ~ . .: ... o - •• 0 ~ 1 .: 0-i'~ "<=>,.: - '-'-' --...i.. J.C. - - • -- ,__ \,44. --w-.; - __ W \. c:,..;... ~w ___ ...,, C.. • __ --._.._.,._••--

c•~a-nel c- t"' ··;(;s:J..o·.i;:;e c.,.a.~-.,.e..se s·J:.::"""'i.-~·e.,:.. ... '"!-Q i!l:.,..._.;•;;-e .ci-~t>OS.;..:_•~on ':':-:e e:'~e~: 
c-;~nc; !:~ .. ~ed-.!"e~,:::~::is· .. ;;:·_:2.r:;l~~;~;;i= i=;:::ti~- ::~~~cl-1ic•io~:":_in:.. ::o:-e c::.a:i~e~-

i =2.-: :.on cf _;--.:..:.of.:' e:~c., i.::. -:i..=-=., ::.nc:-e::.sec. e::-osio::.e.2. c2.:pe:c:..l.~ ";,..:_/: >.,:_s;:, :--.::1c:·: 
.. e,.,,:. s "o i --'c-c,,:e.s·'~. · 7 J.., e 0 - 1 ~.-· or·-~ ~6..:. e.,.:.·-~--;· +b ··;·.,..,c-~.S:es -··,., .: .. s- QQ·.,.:;n.e~ s · ·a--ci. · Su:·, 

{o ~;es· i:1~; e~ "-t:;;'ii;a• -:\;1' rniF~ -~ ··/ ~ -f '~ -~~ ...:~,~ ~-~!•:--, -· · ·' --
'!'~ e -:-~sea:-c=. da~~ \!Seu ~o :de!"i:re···-_;1S · .. -.fac~ors .-in. 'Taicle· 28 ve::-e .f:'c::. fielr:. 

-::~~ts nc'i · lcr:;;:e= ~·t.h.a.11 2.10 r-t: n~:- s.:ee-:e:- ·than ···18 -oe::-~e=.-:. . .:···· LS V'"2.l:.:.es for 
s=--e.2..-:e::- c.::.::.e::;::.o~s---;·a.nci slo?e:S••e:e S'?e;u..2.a-t.::. ve, b~.=..g based. or.. e..~:--2.:;:c~ai:.:.c:.s • 
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________________________ SHEET _____ OF _____ _ 
-.u/ l'uiuc,: !Jr,,-.:. ('i1,c11111u11, ()l,m .JS:!.JY l'hu,,., fJ I J).J,19~-,W Faz (SI Jf.J,~9- -:os 

PROJEC7 I PROPOSAL NA.ME PR.E?AR.£D CH.ECKED PROJEC7: PROPOSAL NU:-1BER 

BY BY 

DATE. DATE. 

SUBJECT: 

Surface Water Run-Off and Channef Peak Flows. 

PURPOSE AND OBJECTIVE: 

The following computations were performed to estimate the maximum run-off and resultant peak 
channel flows form the delineated watersheds of the proposed final cover grades. The 
computational procedures are derived from "Technical Release 55 - Urban Hydrology for Small 
Watersheds", SCS dated June 1986. 

DESIGN ASSU1VIPTIONS AND CONDITIONS: 

1. The final cover- is constructed in conformance with the design grades and elevation. 

2. Complete vegetation is established over the final cover in conformance with the design. 

3. Existing perimeter channels will be utilized as much as possible. New channels will be 
constrUcted only as needed. Typically, the perimeter channels are to have a triangular 
cross section with 3: 1 side slopes. 

IYIETHODOLOGY: 

The methodology for the maximum surface water run-off is derived from "Technical Release 55 -
Urban Hydrology for Sqiall Watersheds", SCS dated June 1986. 

\ .- :. . 

Vlher.e, 

Q = (P'.25 - IaY,'2 / (P25 - Ia+ S) 

Q= 
P'.25 = 
Ia= 
S= 

Direct run-off from the watershed·( cfs) 
The 25-year/'.24 hour storm event (inches) 
initial abstraction (inches) 
Potemial max.imum retention (inches) 

Individual channel flow and velocity estimates are derived from Manning's equation for open 
channel flow: 

V = ( 1 .49/nc) * (Rh/\ 0.667) * (S /\ 0.5) 

'where, 
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ENGINEERING COMPUTATION SHEET 
________ ;_ ________________ SHEET _____ OF _____ _ 
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PR.OJEC7 / PROPOSAL NM'lE PREPARED CHECKW PROJEC7 i ?ROPOSAL NU;\,lBER 

BY. BY 

DATE: DATE 

V = Channel flow velociry (feet per second) 
nc = Mannings' channel coefficient for a grass lined channel ( dimensionless) 
Rb= Hyraulic radius (feet) 
Sc= Channel flow gradient (feet per feet) 

MA TERlAL CHARACTERISTICS: 

Tne ::?.5-year/24 hour storm event is 3 .9 inches for southeast Michigan. The ::?.-year:'24 hour stonn 
event is ::?..3 inches. The run-of curve number is C=79, equivalent to a mode:-are pasture or 
meadow with type C soils. 

CO1VIPUTATIONS: 

See anached spreadsheets and associated documentation. 

CONCLUSIONS: 

Refer to attached design summary table. Tne maximum amount of flow discharging form the site 
at a point south of Site 9A is approximately 124 cfs. Note that this is a conservative estimate 
based on the direct addition of peak channel flows instead of the unit hydro graphs for each 
channeL 

The peak:;channel flow y_e;_lociry, 4.4 feet per second, occurs in the downstream ponion of channel 
9A-2. This channel segment may require erosion control matting since the flow velocity exceeds 
4 .0 Feet per second. 
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Petro Environmental Teclmologies, Inc. 

7051 Palace Drive 

Cincinnati, Oltio 45249 

Clll\NI-IEL 

\-latershed 9-1 

Flatershed 9-2 

\-latershed 9-3 

Watershed 9A-l 

{"1 a t er shed 9 A - 2 

Hatershed 9A-3 

Hal.ershed 91\-4 

Clll\Hl-lEL 

Watershed 9-:-1 

Watershed 9-2 

Hater.siled 9-3 

\-la l.ershed 9A-1 

1'1a tershed 9A- 2 

\'1al:ershed 9A-3 

Wal:erslied 9A-4 

TYPE 

PERIMETER 

PERIMETER 

PERIMETER 

PERIMETER 

PERIMETER 

PERIMETER 

PERIMETER 

INFLOH 

CHANNELS/ 

STRUCTURES 

9-1, 9a-l 

9-3 

9A-4 

SURFACE 

RUN-OFF 

START 

ELEVATION 

(FEET) 

11,1 
· 632. 0 

632.0 

627.0 

625.0 

623.0 

625.0 

625.0 

CHANNEL 
WATERSHED 

AREA 

(ACRES) 

15.49 

5.89 

22.40 

14.42 

30.85 

24.89 

0.99 

( 

Date: 

Project: 
Channel: 

SURFACE 

RUN-OFF 

END 

ELEVATION 

(FEET) 

630.0 

627.0 

617.0 

619.0 

615.0 

614.0 

617.0 

CHANNEL 
PEAK 

DISCHARGE 

(CFS) 

16.oeX 

5.48 

so.2oy: 

8. 51 ~ 

93.51 

25.41 

1. 4 5 )<. 

September 2000 

Macomb County Landfill 

Design Summary 

25-year/24-hour Rainfall 

SURFACE 

RUN-OFF 

HOR I ZONTA T.1 

LENGTH 

(FEET) 

200.0 

400.0 

250.0 

300.0 

300.0 

500.0 

300.0 

CHANNEL 
FLOW 

DEPTH 

(FEET) 

1. 9 

1. 4 

2.3 

3.2 

2.6 

1. 9 

1. 3 

AVERGE 

SURFACE 

RUN-OFF 

SLOPE 

(PER CENT) 

CHANNEL 
FLOW 

VELOCIII'Y 

(FPS) 

1. 0% 

1.3% 

4.2% 

2.0% 

2.7% 

2.2% 

2.7% 

1. 6 

0.9 

3.6 

0.3 

4.4 

2.4 

0.3 

l 
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Petro Environmental Technologies, Inc. 

7051 Palace Drive 

Cincinnati, Ohio 45249 

Clll\HIIEI, CHANNEL CHANNEL 

START END 

ELEVATION ELEVATION 

(FEET) (FEET) 

Watershed 9-1 630.0 \:~a. o 
Watershed 9-2 627.0 606.0 

Haterslied 9-3 617.0 606.0 

lvatershed 97\-1 619.0 618.0 

Watershed 9A-2 615.0 593.0 

Watershed 9A-3 614.0 593.0 

Wal:ersl1ed 91\-4 617.0 614.0 

CIIANNE:L CHANNEL CrIJ\NNEL 

SIDE SLOPE SIDE SLOPE 

Zl 22 

(llOR/VER) (HOR/VER) 

Watershed 9-1 3.0 3.0 

\-Jatershed 9-2 3.0 3.0 

l·/a l:ershed 9-3 3.0 3.0 

\·la Lershect 9A-1 3.0 3.0 

~latershed 9A-2 3.0 3.0 

\'/atershed 9A-3 3.0 3.0 

Waters lied 9A-4 3.0 3.0 

Date: 

Project: 

Channel: 

CHANNEL 

FLOW 

LENGTH 

2000.0 

2400.0 

1250.0 

2200.0 

2300.0 
2300.0 

500.0 

CHANNEL 

BOTTOM 

WIDTH 

(FEET) 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
0.0 

( 

September 2000 

Macomb County Landfill 

Design Summary 

25-year/24-hour Rainfall 

CHANNEL CHANNEL 

FLOW LINING 

GRADIENT 

(PER CENT) 

0.6% GRASS 

0. 9% GRASS 

0. 9\ GRASS 

0.1% GRASS 
0. 9\ GRASS WITH 
0.9\- GRASS 
0.6% GRASS 

CHANNEL CIIANHET, 

TOP DESIGN 

WIDTH DEPTH,, 

(FEET) (FEE'!') 

15.0 2.5 

12.0 2.0 

24.0 1.0 

21.0 3.5 

18.0 3.0 

15.0 2.5 
12.0 2.0 

( 

EROSION MATTING 
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f * Valuca Jnpultt:tJ ma.nuctl ly) 

I. 

II. 

Olrcct lluu-ol l E&C Im.ice 

A l~·ytr.t1. lf heme 1·.sinfAll. Pl5 • 

,,..,.,,·,11111.J Couucy, Hlchlyd11) 

0 Run•ot( Cufvc: llunil,er. CH -

ttai, pustu,e. type c sol ls) 

C. l'vt &:lit lo I mJM: l1nu1n ,·uc cut jcn1. S -

11000 / l'tll · ltl 

fO. 2 • SI 

£. Oirt="cc Mun•oft. () -

I IPH 141 ·21 / I IP25 • 141 • SI 

Slope Run•olf Time ot Coucc11tr4,tJon 

A Su, t ucc I uu • o t t Hanoi 119 •, coe It , ns -

D, Sur lllCt 1111,·olf utarl clevd( iou. Eul 

C. S,uLu.."c 1un·oft cmJ elevation, Es2 ... 

D. Sui toce 1,111•olt lc:u9th, Ls • 

E. Sur/ace l'Ufl•Otf alope, s, .. 
I IEsl Es21 / l.,l 

r 2-yca,. 21 ·hour ,ainl•ll. Pl -
Cl1iu:umb County. Hichl9anl 

G. SI ope t I u "t: l t 1 me::. T, -

Ot1t ~: Sept e11J,c,· 2000 

P1LJjcct I thu.:011,h County l,uu,Hlll 

1)•pe: l'tl lmul e1· Chumu: 1 

Chanoe I : U,H er uhcd 9 l 

l. 900 In 

·,, .000 

2. ,51 111 

o. 5l~ in 

1181 In 

0. 150 

'1l.DP0 tt 
.. , i ,,, ' 

ft 00.000· 

lOD.000 ft 

0 ,010 lt/tt 
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v. 

VI. 

( 

Channe I Oeo1nec • v. 
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E. Inflow• t,01• other ,.·h•1mc:la. Oi • 

f. Ch11111c I flow. Oc • 

IOc • qp • Oil 

Peak flow Cal cu lat Ions. 

A. T1 hi lluw depth. 0 • 

ltrhl 1111I c11or until V1°Vhl 

8. Ch•nnel flow area. Ac. 
1.s•z1•u·11 , 1u•111 , 1.s•u•11·11 

C. Wet l cd tc1 t,nct er. f 1w • 

CD•SOAIZI.Jolll • II • ID•SOAIU.lolll 

D. Uydaiaullc 1otlh11, Rh• 

CAc/rwl 
E. Velocity ancJ hycJraul le ucllua, VN • 

IVa • Ahl 

f'. Ch•nnel ()ow H•1,nln9•• cocll. nc • 

(la um Type •c• veyet:Mit Ive ,~t•1,bnccJ 

O. 11 l•I velochy. Va • 

IOC/Acl 
II. Aeaul1aut velocity. Vh • 

11.U/ncl • lllh. ·"11 • SOIIIScl 

VI I. r,outle th1mhc1. 

A. Channel l1ee su,t~l."c. U • 

IZl•IJI , B , IZ2•111 

B. llycJuullc ilepth. l>h • 

I/le/HI 
C • •♦ 1 ou,lc muul.Jcr. r • 
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VIII. Channel Ulmc11slou1. 
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l'et10 t:11vl1uuo,tntal Tcd11h1lo~Jies, Inc. 

)ISi l'ollu\.'t: lh ive 

Clucinu,H 1. Ohio 45,ltj 

I. 

II. 

Values i11p111,~,I .,,.,,,u1•ll}•I 

Ui,c:cl Run·ult Est imatc 

/\. 2S·yCiH. 24 l1ou1 lllinlal I. l1 2S • 

U14CO•nl> CouOl)'• tlichl(JdO) 

D. Run·olt Cu,vt: Jh1ml,e1, CII .. 

ll~i•· p.-slu1·c:, type c: soils) 

C. l'Olt:utl.-l 111.a,11:Jnoun tt:Ccution. S • 

11000 / l'III 10 

10•. 2 • SI 

£. Oi .. cct fhiu·ott. 0 • 
111'25 · 1a1·21 / IIP2S · lal , SI 

Slope Huu•uf{ T(,ne ol Couceucrat ion 

/\. Surface Ju11·otl Hilnnlny•s CDt!ll, u, 

U. 5111(11<.:c ruu•u(f Stdrl elcvc,tJon. t:;s1 

C. Su, face 11111·olt end elev,,c ion, Es2 • 

O. Surl11cc: r,u, ott lcrHJth. l.s .. 

E. Su• l•r.c au11 ult slope:, Ss • 

I (Esl £s2) / l,S) 

f'. 2·yedr, 2t•hl)or ldintall. P2 

ffluco111L, County, Hichi!_Jan) 

G. Slupe taavcl l i11u::, Ts • 

Oote: 

l'l o J e~l I tl.l,:umh Cuuut y l,tuuU J l I 

l'ypc: l'c:t l111ctc1 C.0 hb1111cl 

Clit.1011e l: lltll Cl tilu:11 9 · 2 

J. ,oo '" 

H 000 
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I. 881 111 

0. I SO 
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f,i; 

rt 

,n.ooo ,. 
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I. 

II. 
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IAc/111 

1. SI t Ip• t: 1've1 d9u cl 1.snriel v&:locicy. Ve - C. f1ou,le n11111he1. r • 

IV. 

lo II<) • IScl ·o.s 1v2/SORl9•u1,11 

f. (ft.1n11c:I lldiVt:l I imc:. ·re 0.2H hrs 

1.c/lJ,00 • vet VIII. Channel Olmenslona. 

lord I c i,n1: ol Concenc 1.:., ion and Peak lli set.a, ge 

A Total tim~ ol <.:oucf:fllldltioo, Tt • 

11 a • Tel 

U CJ1a1111el "'dtt1 shc,I atea. Am • 

E Unit pcJk dischaay~ coctt, Cl 

n uoi1 pc41k. 1hta.:hd1tJI!. c1u .. 
10·1('0, lt:I • 1.09IT<II •!Cl· fl.oylllll.211 

lqu • /,111 • UI 
,l 

0. S2l 

919.22' 
ll.00 

0. OJS 

0 116 

2.Sllll 

0 616P 

·0. lSSll 

211 

12 881 

ha• 

.. , It 

.,,.1111. 

CSM/111 

cla 

A. Chaune l dcpl h. Oc • 

H> • 1nlnlmwn 0.S tt trechoaiul) 

U. Channel top w1dlh. UL • 

(Zl 'Ile) t II , (:t2•Ut:I 

J. 000 lt/ll 

J 000 I 1 /It 

0 uou II 

U .00~ I t/1 t 

l5.H5 ct, 

~- 211 els 

l. )10 fl 

I 6 I t1 •'I It 

" 'I) Ct 

I 100 Ct 

J.,12 »Cpl 

0 0'1 

I ,o~ Ip• 

I u, Cps 

II HO ,, 
I. 1'0 It 

0 5~2 

L 000 Ct 

2t 000 It 



retro Envlron,nt:nlill Tcchuolo9lea. Inc. 

1d5l t•cal.u:-c Lt, 1',,c 

Cine lrnul l. (Jhlo tSl,t 9 

( • V•lut:u i11pultelJ manu.111 lyl 

I. 

11. 

Oltt:'Cl nuo•ott t::s1l,nate 

"· 25-year. 21 hour a'olnr .. 11. Pl5 -
IU.iC0111b Couuty. Hlchlg,snf 

8. M11u ott C:ucvc Uuml,er. CU • 

ltall' pbulu,c. type c soilsl 
C: f'ulc11t l.'l) 111,tkl&n\lHI 1ctef1l 1011. S • 

11000/nll 10 

Initial l'l.lJ:-lt4CthJu, la -

10 2 • SI 

£. Oirc:c, Huu•ott. 0 • 

111'25 · lal ·21 / I IP25 lo) , SI 

Slope: Ruo•otl l'imt! of ConcenC11Hiou 

A Sui lace 1uo·otl Mdwtlng·, coet(. ns .. 

C Sur taci: 1011-ot l ew.1 elevation. Es2 • 

0. Surlrtct: run·oCt len9ch, l,s -

£. Su1ldce run•olt slope. s, • 
IIEsl · Esll /·l.sl 

F. 2•yeu,. 2t •huur ri,intal I. P2 

(J1.,,._011J1 Co,1uty. tlic.:hlyouJ 

C. Sl'-'1•c 11 ~vcl r lmc, Ts • 

Odt c; Sept uu1l.Jc1 2000 

f', o Jccc i ►ld<.'<..111111 County l,An1Jt I 11 

Type: l1 e1 lm.:l e:r l'hanuc I 

Chonnc l: Hal~• ailed 9/\· I 

) . ,oo In 

.,, . 000 

2. 658 In 

0. ~ !2 In 

I. 88) 111 

0.150 

05 t.r°~ It 

",':~oi ft 

100.000 ft 

0,020 ft/ll 

2. JOO In 

O.H< lus 

10001 • ,,., • 1.s1·0.a1 / 11P21·0 5 ·1s,1·0 ll 

Ill. Ave1tlge ChlllHh.:& Time ot Concentration 

IV. 

A Chi.noel sc<l1 l elcvdt ion. £cl 

CJ. /Wcr4ye t:lldutU:I tlo1o1 91·adient. Sc• 

(E..:1 Ecll / l.c 

£. Avi:ta9e c.hdunt:I velocity. Ve .. 

16. I 115 • IS~ I • 0 5 

r, t'l,u,mcl , ,avcl c i111l!', Tc 

l,c/()600 • Vd 

Iutol l imc nt Co1u;euc1,1t ion A1hl l'edk Olscliacge 

A. 1014) ti111t: ol coucent1allon, Tt • 

IT• , '1<:I 
8. Chdttllel ~~tt:1sht:d 411ca. ,..,n • 

£ Unit pedll. ,lb;chcH91! coelt. Cl 

f' Unit p.:iiot.. 1lisr.ha19e cocll. Cl: 

G lh11c peak ,1ischa19e. qu • 

10·1i.:u •(Cl• 1.O91Ttll • CC2 • ll,091Hll.211 

II C'hon1rnl 1•~.-k tll&d1Jr9e. qp • 

1,111 • /\111 .. OJ 

619. 000 fl 

Ul.000 ft 

ll00.000 Ct 

0.000,s It /It 

O. IH lps 

1.7'1"/ lu s 

2.HO h1 s 

£29. I 15 •q 11 

11.tl0 

II .Ol I -,,1.1111. 

11.IU 

2, 51121 

•0.£160 

·0.15541 

2U0.551 CSH/111 

I !>Ul els 

V, 

VI. 

r 

Ch•unc l Geomet I y. 

A. Side ■ lope. ZI (hoi·/vcrtl • 

II. Sl1le ■ lope, Zl lhor/vc1L) • 

C. Chiiu111el hottcm1 vldlh. 8 • 

0. Ave a aye '-'hA11ncl l low 91 &aJlcul. Sc.: • 

£. lnllowa laoi• other ch,u1ncl1. Oi • 

f. C."hMitu1cl flow. Qc • 

IQc • '11' , OIi 

l'ok Flow C1lc11l11lo11s. 

A. Trl1I flow clcplh. II • 

111111 111,1 e11or 1111tll v,.v1,1 

B. Chdltuu:l flow ••e•. Ac • 
1.s·z1•u·21 , 10•111 , 1.~•n•11·l1 

C. Hc=t l ~c.l f1 e1 iu,et ct• l'w • 

(D•S()R(ZJ·1,111 , U , 111•so111z2·1,111 

O. Uy,lr•ullc 1.->dlus. kit • 

(Ac/1'"'1 
£. VeJoctcy aml hytl1t1ullc 1t1c.llus. VH • 

IV• • llhl 
F. Ch•rmel flow H•nnJng•• coelt. nc • 

If I o,n l)·pc ·c· v~ycl at I vc l'ell111la1u:c) 

O. 1'1 lal velocity. VA • 

(()c/~cl 
U Me•ull•nt veluchy. Vh • 

(I .H/uc) • 1111t· .'6"11 • SOR(Scl 

VI I. faoutla thuul,cr. 

A. Ch•mutl ll'ce 1u1facc. H • 
(ZI 'Ill • n , IZ2•U) 

8. Uy1lraullc Oepth. l>II 

Ille/II) 
C. r,·omlc mu11lic1. f • 

(VJ/SOR l!J'Oh) I 

VIII. Ch•1111el Dlme11slo115. 

A. l'l1•11nel <leplh, Ile • 

fO • 1atnJu)l1111 O.S ft f1c~hu,r11dJ 

U. Channel lOf) wt,hh. Hl • 

1z1•uc1 , u , 1z2•oc1 

l. 000 It/It 

I ooo It/It 

u uoo It 

u uoo It /II 

0. 000 etc 

I. 50 I ell 

I. ISO It 

2' 7'1 111 It 

1, ~2l ll 

I. 191 It 

0 127 afpa 

O.IH 

0 216 Ip ■ 

0 211 ,,,. 

II 900 It 

1.~·15 It 

0 OiO 

I. soo ft 

21 ooo It 



Pc11u Envl1011m.:11tol Te,,hnolo':jlt:s. Inc. 

·1a!i-l Yo lace JJ1 ive 

Ci11ci11n.it 1. t.1hio ,aS2tj 

I • v .. luC'SI iupull~~• 111unu4lly) 

I. 

11. 

Oi,ect R,111•0Cl Estimct.te 

I\. 25•\'C4I, lt l1our r.oinlall. P25 -

fHa<:omb County. Hichly.anJ 

U, Run·olf C111vu Jh1111bcr. CU -

Jtai, (li•SllllC. l\•pe C soils) 

11000 / CIII · 10 

U. 111it i.il /\lna rdct iun. fa -

I0. 2 • SI 

E. Direct Mun·off, O -

f lr25 · lal ·21 / I IP25 · 1~1 • SI 

A SurC.ii1..·e ruu•oft Hiu11d119'1 coctt. 11, 

1£h01l ~•dS9 JHdil ie t:quivd)t:11CJ 

U !iut ta,:t 1un•ott &tlJ1t clt:v,cH ion, t:!:ill 

C. Sutfd(.11!: run·ott t:ntJ clcv,nion. Esl • 

E. Su,Lu:e ,uo•otl slc.,pc. Ss • 

I (fol Es21 / l.s) 

f. 2·yt•r. 2&•110111 ,alotall. P2 .. 

(;, Slope travel li111e, Ti.;• 

Uatc: ::ieptcmh.:1 2000 

l'rojecc: M.u:omh County l,4ndfill 

Type : flt! 1 Imel c I Chanoc I 

ChdHnt:I: Wc.1tc1:thc,I ,h·2 

l. ,oo In 

H.U00 

2. 651 In 

o.~ 11 In 

I. Ill In 

100.000 ft 

0.027 It/fl 

l. JOO In 

0. fl I 111 e 

10.00·1 • 1us • 1.s1 ·o Bl / 111'21 ·o 5 • ISsl ·o O 

Ill. Avttd'JC ChMmet Tim~ o( Co11centriltio11 

IV. 

A. Chi1umcl sta,c clcv,scioo, [cl 

U C.itd1111cl ,li!u:-ha,9c e)cv.4t ion. £c2 .. 

C. Ch.lu11el length, 1.c • 

0. Avc1 •. HJ~ c.hunnt:I tluw f:Jtlldleul. Sc• 

t t:, , · t:c 11 I Le 

E. AvttOIJe ,1,orn1el velucicy. Ve .. 

I G . I It~ • t Sc I • 0. S 

t°. C11.11Uh") (Id \.'Cl ( i lllt:, ·r..: 
1.c/ 1 l6U0 • Vcl 

To1.ol t imc oJ Cunce-ncrat ion d111I Pei&k Oisc.:hd&<Jc! 

A. ·rutul ci111e at concenlta:clon. Tc• 

ns , Tel 

C', Su,·(.il.'c 1un·u(( 1.H lo, l.\/l'\110 • 

U llull peak ,Jischatge coe{(. CO • 

£. Unit pertk Lli»Chbl<JC cut:(/. Cl 

r. llnll pc.-.k ,li1.ch,1rgc coett. Cl 

G. llnll pc,,k 1lisc:ltar9e, qu • 

10·1co, ICI • l.09ITcll • (Cl' 11.u•JITcll"lll 

,I 

615. ooo le 

HJ.000 ft 

2l 00. ODO ft 

0.00'J57 lt/ll 

I. 571 lp1 

o 40S In• 

0 118 1111 

I, 11 l, 82' S'J II 
JO .150 

0 (118 W•j .inl. 

0.1 JG 

· 0. I S~f l 

I B 8 I 11 CSH/1 u 

15 28' cl• 

V. 

\II. 

l"h•nncl Gcu1flet I y. 

8. Side elope, Zl lhor/veatl 

C. Chllunel bottou, width. U • 

D. Avera,gc c:lionncl I lo'"' 91 a,lt~,u. Sc • 

£. Inflow■ fro•• other ch•mu:J ■• Ol • 

IHater ■ hetl ,.11 
f. Channel tlow, ()c • 

IOc • qp • Oil 

Pe•k flow C•lculu 10111. 

A. Trl•I Clow ,lcl'lh, ll • 

11< 1•1 •ml erio, 11111 II llit•llhl 
B. Ch•nncl flow are•. Ac. • 

c .~•.:1•0·21 , 111·111 , 1.s•z2-11"21 

C. lfclled Pct l1nele1. f,lw .. 

111-soHcz,·2,111 , ", co·s0A1z2·2 .. 11 
D. llytl1•ullc .-.,llus, Ah • 

(Ac/rwl 

E. Vcluchy ~ml liy&lr•ullc 111Jlu ■• VA. 

Iva • llhl 
r. Channel llow tt•nntuy•1 coclt. nc • 

1110111 1ype •c• vec.,e11itlve 1et.11dctnceJ 

G. T1 l•I v~loclty. Va • 

IOc/llcl 

II. Ae•ullAul vcluclty, Vh • 

11.H/ncl • IAh. u·11 • SQRCScl 

VII. f'aourte Uumhc1. 

A. Chdmtel ftee s111tacc-, W • 

IZI •ol I II , CZl•UI 

B. Uy,h au I le Ocpt h. Oh • 

(lie/HI 

C. f1outlc nuuJu~r. r .. 
(112/Son IIJ 0 1lhl I 

VIJI. ChJtmel Uimt:nslo111. 

A ("hannc I <lt:pl h, De • 

fD • ,.Jnhnum 0.5 lt ftc:cl,uac,11 

D. Ch,umel top width, Ut • 

cz1 •1>cl , u , 1z2•0.;1 

I 000 fl/ll 

1.000 II/It 

o. ooo It 

0 010 It/It 

Sl.2J1 eta 

H.Sll cla 

l.B.S tt 

21. I 1·1 ••1 It 

" Hl fl 

1.25, 1, 

s 5'9 •f p• 

0.011 

' 02 Ip• 

' 02 fps 

IS ,10 fl 

I 121 fl 

0 , 1, 

l.000 ft 

Ill 000 ll 



.( 

relro £11vl1owoc1u o1l Tet.:luu.1lc.,9lcs, Inc 

11151 1•.sl•cc llfivc 

CJoc11\t\dl i. ,·,1do t'llt~ 

I ~ V.,duts lnpucted m.tuu•lly) 

I. 

11. 

Oiaccc Aun•otl £1aiindtC 

A. 2S·yeo1. 24 hour r•inf.:tl I. P2S • 

(Haco,,J, Counl y. Hi ch l 9401 

8. Aun•ott Cu,v.e: thuohc,, CU • 

(t-iic p••ttuc, t}"(H! c ool lsl 

C. Putent lal m,1Ki111111n ,·ctent •on. S .. 

llOOU/CIII · 10 

ll. Jnllial JJ,r.a1c.1c,lo11, ta -

10. 2 • SI 

£. Direct Ru11·otl, O • 

111'25 · lbl 
0

21 / I IP25 · lol • SI 

Slope kuu•oll Time ot Coucent1atlon 

A. Sui t•ct: 1uu•olt Mcu111Jng'1 coetl, Oi • 

fstiu,t lJfclSM p1i,lrie f=CJt11',aleru) 

U. Suri••=• 11111·0/I u•1t clcvo1 lc,11, fol • 

C. Su,facc um-oft end clevaclon. Es2 • 

E. Su1lace ,uu-utt aJupc. S!I • 

I IE•l · Es21 / 1.sl 

F. l·yeof. 2t-hou1 ritlnl41l. t'l -

G. Sl,,pi: 11av,:l time. Ts• 

0dl t:: S,~pl t:mlu~t" lOUO 

1'1 u J t:Cl : H,,cuml, Count V l,.tt111l J l I 

lypc: !'cc lmctcl C:hanitt:l 

Chd1111e I, Udl e, ulu:1l 9>. • J 

l. 900 In 

19. 000 

2. GSB '" 
0 ~!2 In 

1.18) 111 

0.150 

, , s I~ ,Qr ft 

111 I 
u, !ooo rt 

S00.000 tt 

II. 1122 tt/tt 

2. l00 In 

0.6'12 l1ri, 

10 uul • Ins • 1.s1·0.11 / 11r21·0 5 •1s,1·0 41 

IV. 

/\. CIIDnucl »tart .:lcv,.u loo. £cl 

B Clt,1u11eJ disclta19e cd~v4cion. E<:2 

C, Channc I 1 engt h. l.<.: • 

U. /\vt:rc\!)I! cha,wel flow 91odient, Sc • 

lt:<:I €c·ll / l.c 

E. ,,,_..,eroi~c t.hd1H1el v,:locity. Ve • 

1' 1145 • 1sc1 ·o.s 
r. thJnt1cl tlo"Jt:l li111c:. le 

l.c/(160~ • V,:1 

lotdl t i111e ot Concentr,H ion 6nll Pcbk Ois,.:ha.19e 

A. Toto\l I line of conccntr4t lon. Tt • 

ITJ , 'fcl 

ti. C"ltauntd ""'dle1shed 4tea. Am .. 

C. Su,t,u:e run oft t.:sllo. 1,,/1'100 .. 

lJ Uni, 1,cuk dist.:hd19e <:ocft. CO .. 

t. Uuir. peak Jisch;a19e coefl. Cl 

r. Uoit peak dl:st.:l,a1ye c:oett. Cl• 

t;. tJoit Jll!'.tk discha19e. qu • 
,o·,co • ICl • 1.oylT<II 

IL Channel h:J.k tltst.li•tyc. •IP .. 

• IC2 • (l.oyllll I 
0

211 

,, 

, ... 000 It 

su.ooo tt 

2100,000 ft 

0 0091 I It /It 

I.SO Ip• 

O.IH ht ■ 

1.08' hr• 

I. 081, 201 •'1 It 

ll. ltO 

0,(1)9 IUJ.ml. 

0.11' 

2. 5112 / 

·0.61647 

• O. I 55 11 

)21. 261 CSH/111 

21.961 ct ■ 

v. 

VI. 

/o.. S1,le ■ lope, ZI (ho1/ve1tl 

B. SIJe ■ lope, 22 (ho,/ve,tl • 

C. Chonnel hottou, wl,lth, 0 • 

0. A.ve1 Age chanue I l low 9roclitt11t. Sc • 

£. lnllo'"'• tro•• other ch,nnels. Ol • 
(UoccuheJ 9A·II 

f. Channel flow, Qc • 

IOc • qp • QI I 

l'eak flow C•lcul ■ tlon■• 

A. Trhl flow 111:plll, II • 

1111•1 ■ 11J crtot uutll v ... v111 

B. Chanue I t low a, e•. Ac • 

1.s•z.1•0·21 , 111•111 , 1.~•~2•0·11 

C. Welted re, ltuclca • l'w • 

1u•son1z1·2 .. ,1 • U • (IJ•SOIIIZJ.Jdll 

D. UydaauJJc ra,Hus, flh • 

IAc/Pwl 

IL Velocity ani.l hyJraullc 1adlus, VR • 

IV• • Ahl 

Y. Channel f)ow Miu111t11y•• cocfl. oc • 

fltu1111 l)'p.: ·c· vc~clath,.- 1eta1,J.1ut.:el 
O. l"rlal veluchy. Va .. 

(Oc/1'cl 

U. Ruaultaut velocity. \flJ .. 

(l,U/11cl • (Nh
0

.Hll • SQRIS..:I 

VI I. f1·oudc Uumhcr. 

A. Chan11cl ll'cc ■ urfacc. 

1z1•01 , e , 122•01 

U lly,lroul le Ocplh, Oh • 

IAc/UI 

C. t"romle nuu,her. f • 

(V2/SOH lg•Ohl I 

VIII. Cluutnel Olmcnalou,. 

A. Cho1noel depc:h. l>c • 

(0 • udnlmwn 0.5 lt f1eehoa1tll 

B. Ch.anncl lC>p wllllh. Ut • 

IZI •Ocl • B , IZ2 •0cl 

l ooo 1, /It 

I. 000 
1, "' 

0 000 fl 

u out It /ll 

I.HJ ct. 

2S. 41 l cl ■ 

I.IU It 

10.'60 ... II 

11.~ll 11 

0.IH tt 

J. I IJ •IP• 

u oss 

l 114 Ip• 

2. lit '"~ 

II .ll0 It 

0 ~ti " 
0 '11 

l. S00 It 

15 ooo It 



r 

l't:t, o £nv I ro,1111.:ut" I Tt:<:h110 I O'J j c:., I 11c, 

ll!>l J'4l•<.c IJI Ive 

Cincinu.,1 I. 01,lu "Slt~ 

I, 

II, 

tJi,t:&.:l Run·olt E1ai111ate 

Hiacornh County. Ml chi gaol 
8. Rtu\•U(t t'urvt: th1m.hcr. CU • 

ltotlr postu,.:. t~·pc c soil!.I 

C. J'Oll:111 lal 11,4.11itn1un 1crct1l Jou. 5 • 

IIUOO / /'Ill • 10 

0. Jolt ltd 1'h5l rAl.l iu11. Id • 

10 2 • SI 

£. Oirecc Hun-ult. O -

I 11'25 · ldl ·21 / I IP2S · lal • SJ 

Slope nun-ott Timt- ot Concentrac Jou 

A Su,tace 1uu•ofl Haunln9•• coett. ns • 

tshurc y1tUiS pr•lrlc ~1111fvalentJ 

II, SH1li1ce 11.1n•oft 1t.i1t tlevJclou. £~1 

C. Surtacc 1un•oll emf elcv~tiou, l:'.sl • 

0 Su,L)Cc nu1•off lcngch. l.s • 

E. Su1fACe sun•ol( 5Ja11c, Ss • 

I fEsl · Es2l / l.sl 

r 2·)•cur. :t,1,t10,1r rAint•ll. P2 -

ll1uC:<.m,t, Co11ut y, 11 i ch I 9a11) 

G St<.,pe l 1 ,1vtl ( lu,c. l's • 

DiH e: Scpl cmlu~:1· :2000 

Projccl: f•ldcrnul• County l,.s1ull J l I 

"l)•pc: Ven I mot e1 Channtt l 

Cl101mc I : Ua t er sh.:,I 9A · t 

) . ~00 In 

7'.000 

2. ,s1 In 

o. s.12 Iii 

I.Ill In 

0. ISO 

,is,.,000 (t 
,., •' 

\,1 I 
'17.000 It 

J00.000 It 

0.021 le/le 

2, lOO In 

o. 41 l hra 

to 001 • fns • 1.,1 ·o.a1 / ffr21 ·o 5 • fSsl ·o.<1 

Ill. Avead~C Chtau1h:l Tim~ oC Co11<.:t:11tC1Hion 

A. C'hUnnc I st. .i1 t c I evdt ion. Ee I 

0. Cho,uu:I Ji!H."ha,~c elcv-,c i()u, Ec2 • 

O. Ave,age t.·hau11el flo~ ~•4dleoc, Sc. 

I£.: I · I:< lJ / l.c 

E. >.v1.•1•9c t.:l1i11uu:l vc:loc:ily, Ve • 

1£.1145 • 1sc1·0.5 

r. (."hi111ncl l14VCI [Juic. 1·c 

l,c/fJ£0U • Vcl 

IV. To,.d t i111c: l)f Concentfal Joo aiut Pedk Oischcu9c 

A. Total t imc at co11cenccac ion, Tt • 

11:it • Tel 

O Unit pc4 ►. d1sc.li,Hyc ccu:IC. CO 

E. Uult peak. dlscha,ye coetl, Cl 

G Unit 1•~6k. clischdr9e. qu • 
10·1c:u, ICI • l,O!)ITtll • fl"l • ll.<>91Ttll.211 

It Clla1u1el h:ok 1llsc:ha19e. 'lP .. ,l 

£1 7. ooo II 

,H.DD0 ft 

500.DD0 ft 

0.00&00 It/IC 

I .250 lpo 

0, 11 I hrs 

0.S25 hf> 

t I. I 2t •q lt 
o. ,,0 
0, 11112 »•1.1111, 

O.IH 

2.snn 

•0,61&47 

t9d .£SO CSl1/l11 

1.452 ct, 

V, 

VI. 

VII, 

VI 11. 

Chanuc I Ge< . .Hn-.:l r y. 

A. Side elope. ZI ll101/vc1rl 

8, Side ■ lope, Z2 Chor/vcnJ 

C. Cha,mcl hut l uu, ..,,,1r h. U • 

e. lullo"'• l10•• other channel ■• OI • 

r. Channel flow. Qc • 

IOc • qp • OIi 

Peak flow C•lcuhc 10111. 

A. Trl•I (low depth. D 

Ct• ••• •ml ca ,nr 
8. Ch•m•cl flow .tie•. Ac 

1111L II 

1.s·z1 •u·21 . IU•IJJ 

C. Hct. t ■ J l'c• Ju1cl ca. Pw 

IU•SQRIZl.l•III 8 

D. lly<la aul le I .,liu», Ah 

(Ac/P.,J 

V~•VhJ 
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Table 2-2c.-Runoff cur.·e numbe~ for other ag-ricultural lands 1 

Co\·er desc-:-iption 

Cover type 

Pasture. gr.i.ssland. or range-:~:mtinuous 
forage for g;...zing.: 

Meadow-continuous r,ass. prote~ted from 
gr...::ing and gener-.Jly mowed for ·hay. 

Brush-brush-we~d-g:-,...ss mixture with brush 
the major element. J 

Woods-gi-as~ combination (orchard 
or tre~ fann}. 5 

Woods.6 

Fannsteads-buildings, lanes, driveways, 
and surrounding lots. 

1Aver-4;e runoff condition. anci 1,, = 0.:!S. 

2 1'001·: < 5{)'i; ground co,·er or he~Yil>· g1-.i.zed '-';lh 1~0 mule:.,. 
50 lo j5r,; g-ruund coni· and not he~,·ii>· gr.a.ed. 

Hydroiogic 
condition 

Poor 
Fair 
Good 

Poor 
Fair 
Good 

Poor 
Fair 
Good 

Poor 
Fair 
Good 

Fair: 
lflmd: > 75'ir ground cu,·er and lii,rhtl:, or onl:-,· oet.;i.:.iom<ll>· gr..:z.ed. 

J l'uor: 
F"i,·: 
wxi: 

< 50'7, ground L-o,·et. 
50 lo i50:~ ground cu,·er. 
> 75~ g·rouncl cu,·er. 

~Actual curn~ number i::: le::;~ than :30; U:-t> CN = 30 fur runoff comµu1.:.1.uons. 

A 

63 
49 
39 

- 30 

48 
,:,-w 
◄30 

57 .. ,, 
"'tV 

32 

45 
36 
◄so 

59 

Cun:e nu:::be!'"S ior 
hydrologic soil g-roup-

B C 

79 

~ 69 ~ 

61 -, ,., 

58 71 

67 Ti 
56 iO 
48 65 

i3 82 
65 i6 
58 72 

66 i7 
60 73: 
55 70 

74 82 

D 

89 
84 
80 

i8 

83 
ii 
i3 

86 
82 
-a '~ 
83 
79 
ii 

~ 

~c~·:- :-hu\\11 were cumµuted fu1· ai-ea:, with 50i:; wood:; and 50'"4 g,~ (p:L,tu1·e) CO\'er. Other combination~ of conciition:- ma~· be c.:umputt'd 
frum t.lw c~·:; fur \\'W(b and µa:;tui-e. 

'!'001·: Fur"!:':::t littl:'r. sm:dl tr~=-. and bru:-h al'I:' destru_,·ed b~· hea,·y grmng or regular burning. 
F"ir: Wuuci:- are ~--..:z.ed but not bumt-d. and ~ome fure:-t litter co,·er.- the :;oil. 
(.j.w(/; W00<b are µrnt.e-:~ci f1·um gr.J.Z.ing, anci litter and bru:,h aci~uateir CO\'er the :;uil. 

C?.10-Vl-TR-55, Second Ed., June 1986) i 
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Sheet tlow 

Sheet flow is fiow over plane surfaces. It usually 
occurs in the headwater of st::-earns. With sheet flow, 
the friction value (Manning's n) is an efiee':ive 
roughness coefficient that includes the effect of 
raindrop impact; drag over the plane surface: 
obstacles such as litter, crop ridges, and rocks; and 
erosion and transnor...ar.ion of sediment. These n ·· 
\'alues are for very shallow flow depths of about 0.1 
foot or so. Table 3-1 gives Manning's· n vaiues for 
sheet fiow for various surface conciitions. 

For sheet flow of less than 300 feet, use Manning-'s 
kinematic solution (Over:.on and Meadows 1976) to 
compute Tt: 

0.007 (nL)O.B 

(P ifJ-5 50.4 

[Eq. 3-3) 

Table 3-1.-Roughness codflcients (Manning's n) for 
sh~t flow 

Surfac~ description n1 

Smooth surfac~s (conc=-ete. asphalt, gravel, or 
bare soil) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.011 

Fallow (no residue) ......................... . 

Cultivated soils: 
Residue cover ~ 20% 
Residue cover > 205c 

Grass: 
Shor.. grass prairie ....................... . 
D€nse grasses 2 •••••••••••••••••••••••••••• 

Be!"Tilud.agra.ss ............................ . 

Rang-= (natural) 

Wood.s:J 
Light underbrush ......................... . 
Dense underorush ........................ . 

0.05 

0.06 
0.17 

~ 
0.41 

0.13 

0.40 
0.80 

1Tne n v.uues a.re a com!)osite of inionr.auon compued by £.,gm.an 
(!9~). 
:zlnducits s~ie~ ~uch ~ we-eping loveg;a~. biueg-;-:i.ss. buff.a.lo 
g....ss. blue g:nm:. gr.ass. and n.ati,·e r,.i..ss :nix .. uN!s. 
J\Vnen 5eiecinl1' n. cons1de:- i:m:~r to ;,. height of aoout O.l ft. T.1is 
i.s the oni:i· ~=--: oi c.r.e pia.nt l.,,,·er :hat v.ill oo~ .. :.:-uc~ sheet flow. 

v.·here 

Tt = travel time (hr), 
n -= Manning's roughness coe!·ficient (table 3-1), 
L = flow leng-:h (ft), 

P2 -= 2-year, 24-hour rainfall (in), and 
s = slope of hydraulic grade be Qand slope, 

ftJft). 

This simplified for.n of the Ma..rming's kinematic 
solution is based on the follov.ing: (1) shallow steady 
uniform flow, (2.) consw..nt intensity of rainfall excess 
(that part of a -~in availabie for :-.mofil, (3) rd..infall 
duration of 24 ·hours, and (4) minor effect of 
infiltration on travel time. Rainfall depth can be 
obtained from appendi.-x B. 

Shallow concentrated flow 

.After a maximum of 300 f e~t. sheet flow usually 
becomes shallow concentrated flow. The average 
velocity for this flow can be dete!":Ilined from figure 
3-1, in which average velocity is a funcr.ion of 
watercourse slope and type of ci-.annel. For slopes 
less than 0.005 ft/ft, use equations given in appendix 
F for figure 3-1. Tillage can a.ffec: Lhe direction of 
shallow concentrated flow. F1ow may not always be 
directly down the watershed siope ii tillage runs 
ac:-oss the slope. 

After detennining aYe'!"age velocity in figure 3-1, use 
equation 3-1 to estimate travel time for the shaEow 
concentrated flow segment. 

Open channels 

Open channels are assumed to begin where surveyed 
cross· section information has bee?: obtained, where 
channels are visible on aer-ial photogi-aphs, or wiiere 
blue lines (indicating st.reams) appear on United 
States Geological Survey (USGS) quadrangle sheets. 
Manning's equatlon or water surface profile 
information can be used to est.i:nate average flow 
velocity. A ve:-age tlow velocity is usually dete::.nined 
for bank-full elevation. 

(2:::0-VJ-TR-55, Se~and Ed., June 1986) 
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PETRO ENVIRONMENTAL TECHNOLOGIES 
ENGINEERING COMPUTATION SHEET 

_______________________ SHEET _____ OF _____ _ 
7851 Palace Drive, Ci11ci1111ati, Ohio 45249 Phone (513)489-6789 Fax (513(-189-7208 

PROJECT I PROPOSAL NAME PREPARED CHECKED PROJECT I PROPOSAL NUMBER 

BY: BY: 

DATE: DATE: 

SUBJECT: 

Results of the Hydraulic Evaluation of Landfill Performance (HELP) Model analyses performed 
for the landfill. 

PURPOSE AND OBJECTIVE: 

The following computations were performed to provide comparative analyses of potential leachate 
production rates for existing and proposed conditions for the landfill. The computations were 
performed using HELP Model Version 3.0 (U.S. Army Corps of Engineers, Vicksburg Station, 
September 1994 ). 

DESIGN ASSUMPTIONS AND CONDITIONS: 

I. The bottom of waste grades and elevations for both Sites 9 and 9A conform to the 
surfaces interpolated from boring data provided by the Dragun Corporation ("Final report 
on Hydrogeological Investigation, South Macomb Disposal Authority, Landfill Site 9 an 
9A", dated February 28, 1995). 

2. Existing grades and elevations conform to recent aerial surveys performed at the site. 

3. An existing cover thickness of 2 feet was assumed over the entire landfill. This represents 
a minimum thickness as determined by Petro Environmental field investigations. 

4. The proposed final cover is constructed to the grades, elevations, and thickness as shown 
in the proposed design. 

5. The proposed groundwater interceptor and leachate collection systems are constructed to 
the alignment and grades shown on the proposed design. 

6. A synthetic weather database for Detroit, Michigan was utilized by the analyses. 

METHODOLOGY: 

The computations were performed using HELP Model Version 3.0 (see attached) 

MATERIAL CHARACTERISTICS: 

Both Sites 9 and 9A were analyzed for two conditions 

Existing conditions with an assumed typical 24 inch existing cover. Site 9 was analyzed 
for a location that maximized waste thickness. This area is located in the north central 
region of the site with an existing top of cover elevation of 632.0 feet, a top of waste 
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PETRO ENVIRONMENT AL TECHNOLOGIES 
ENGINEERING COMPUTATION SHEET 

SHEET OF ------------------------ ----- ------
7851 Palace Drive, Cincinnati, Ohio 45249 Phone (5/3)489-6789 Fax (513(489-7208 

PROJECT/ PROPOSAL NAME PREPARED CHECKED PROJECT/ PROPOSAL NUMBER 

BY: BY: 

DATE: DATE: 

elevation of630.0 feet (inferred) and a bottom of waste elevation of618.0 feet. Waste 
thickness was therefore 12 feet, or 144 inches. Below the waste a 5 feet, 60 inch, thick 
layer of natural clayey soils was modeled as a natural soil barrier. The default HELP 
Model soil type #12, sandy or silty clays, was chosen to represent this barrier layer as its 
permeability characteristics closely matched that described in the Dragun Corporation 
Hydrogeological Report. It is also assumed that this soil was excavated and subsequently 
utilized for existing final cover. 

Site 9A was also analyzed for a location that maximized waste thickness. This area is 
located in the north central region of the site with an existing top of cover elevation of 
621.0 feet, a top of waste elevation of 619.0 feet (inferred) and a bottom of waste 
elevation of 600.0 feet. Waste thickness was therefore 19 feet, or 228 inches. 

Design conditions with an proposed 24 inch cover. Site 9 was analyzed for a location that 
maximized waste thickness. This area is located in the north central region of the site 
with an existing top of cover elevation of 632.0 feet, a top of waste elevation of 630.0 feet 
(inferred) and a bottom of waste elevation of618.0 feet. Waste thickness was therefore 
12 feet, or 144 inches. Below the waste a 5 feet, 60 inch, thick layer of natural clayey 
soils was modeled as a natural soil barrier. The default HELP Model soil type #12, sandy 
or silty clays, was chosen to represent this barrier layer as its permeability characteristics 
closely matched that described in the Dragun Corporation Hydrogeological Report. To 
meet the permeability requirements for a proposed final cover, the default HELP Model 
soil type #15, sandy clays, was chosen to represent the cover. The permeability of the 
final cover was set at both 1 x 1 o-6 and 1 x I 0-5 cm/sec to provide a range of results. 

Site 9A was also analyzed for a location that maximized waste thickness. This area is 
located in the north central region of the site with an existing top of cover elevation of 
622.0 feet, a top of waste elevation of 620.0 feet (inferred) and a bottom of waste 
elevation of 599.0 feet. Waste thickness was therefore 21 feet, or 252 inches. The 
bottom 12 inches of the waste in Site 9A was also considered a lateral drainage layer for 
the purposes of modeling. The material characteristics of the final cover and bottom 
barrier layers conform to those for Site 9. 

COMPUTATIONS: 

Refer to attached HELP Model printouts. 
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PETRO ENVIRONMENTAL TECHNOLOGIES 
ENGINEERING COMPUTATION SHEET 

_______________________ SHEET _____ OF _____ _ 
7851 Palace Drive, Cincinnati, Ohio -152-19 Phone (5/3)./89-6789 Fax (513(489-7208 

PROJECT/ PROPOSAL NAME PREPARED CHECKED PROJECT I PROPOSAL NUMBER 

BY: BY: 

DATE: DATE: 

CONCLUSIONS: 

The following table summarizes the average annual results of the HELP Model analyses (all values 
are in inches): 

Precipitation Run-off Evapotrans- Percolation Percolation 
piration Through Below 

Cover (1) Waste 
Site 9 

Existing 32.34 3.81 22.19 6.35 6.41 

Site 9 
Proposed 32.34 12.85 18.62 0.87 1.08 

(10·5 Cover) 

Site 9 
Proposed 32.34 22.73 9.60 o.oi 0.0004 

(I o·6 Cover) 

Site 9A 
Existing 32.34 3.81 22.18 6.35 6.41 

Site 9A 
Proposed 32.34 12.68 18.62 1.04 1.08 

(I 0-5 Cover) 

Site 9A 
Proposed 32.34 22.73 9.60 0.01 0.0004 

(10-6 Cover) 

(I) Percolation through Cover = (Precipitation) - (Run-oft) - (Evapotranspiration) 

By improving the cover to a permeability of at least 1 x 10-5 cm/sec and by regarding the final 
cover to allow for unimpeded run-off, percolation through the final cover into the waste (and 
subsequent leachate formation) is reduced by 76%. Furthermore, percolation below the waste into 
the adjacent aquifer is reduced by 83%. Final cover permeabilities lower than 1 x 10·5 cm will 
result in even greater reduction efficiencies with permeabilities of 1 x 10"6 cm/sec effectively 
eliminating percolation. 

Please note that the analyses of existing conditions indicate that more leachate is exiting the waste 
each year than is replenished by percolation through the cover. Since leachate levels remain 
significant in the landfills despite continuous leachate removal operations, it remains possible that 
groundwater inflow accounts for a significant portion of leachate generation. 
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3.04 (13 MARCH 1995) 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

*****************************************+++++++++++++++++++++w++++++++++++k++ 

****************************************************************************** 

?RECIPITATION DATA FILE: C:\HELP3\MCPREC.D4 
C: \HELP3\MCTEMP. 0·1 
C:\HELP3\MCSOLR.D13 
c: \HELP3\MCEVAP. Dll 
C:\HELP3\MCSOIL.D10 
C:\HELP3\MCOUTP.OUT 

TEMPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOTRANSPIRATION DATA: 
SOIL AND DESIGN DATA FILE: 
OUTPUT DATA FILE: 

TIME: 14:43 DATE: 4/5/2001 

( 

( 

TITLE: MACOMB COUNTY LANDFILL SITE 9 (E~GSTING CONDITIONS) 

NOTE: INITIAL MOISTURE CONTENT OF THE LAfERS AND SNOW WA'l'ER WERE 
COMPUTED AS NEARLY STEADY-STATE VAL!.JES BY THE PF.OGRAM. 

LAYER 1 

TYPE 1 - VERTICAL PERCOLA-rION LA"fER 
MATERIAL TEXTURE NUMB;:;R 1:2 

TH!C.KNESf ;24. Ou It-;CHt.S 
.?O~OSITY J. 4 710 VOL;VOL 
rELI:· CAE:'ACITY 8.3420 V:)I/VOL 
WILTING POINT O., 100 VOL/VOL 
INITIAL SOIL WATER CONTENT O. 4109 V1)L/VOL 
EfrE·:TIVE SAT. HYD. COND. 0.'1).99999970{)0E-01 (l-1/SEC 

:~O•~E: 2ATURATED HYDRAULIC CONC'UCT:i:VITY IS MULTIPLIEI:: BX 4.6:; 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 

LAYER 2 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 18 

THICKNESS 
POROSITY 

, 144.C~-· INCHES 

FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
ZFFECTIVE SAT. HYO. COND. 

O.b710 VOL/VOL 
0.2920 VOL/VOL 
0.0770 VOL/VOL 
0.2920 VOL/VOL 

0.100000005000E-0?. 

LAYER 3 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTUPE NUMBCR 12 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYD. COND. 

60. 00 INCHES 
0.471C VOL/VOL 
0.3420 VOL/VOL 
0.2100 VOL/VOL 
0.471C VOL/VOL 

0.419999997000E-04 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED. 

SCS RUNOFF CURVE NUMBER 

CM/SEC 

CM/SEC 

FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 

70.00 
50.0 

1.000 
24.0 

PERCENT 
ACRES 
INCHES 

.I 



r 

INITIAL WATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW WATER 
INITIAL WATER IN LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 

9.862 
11.304 

5.040 
0.000 

80.170 
80.170 
o.oo 

INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
DETROIT MICHIGAN 

STATION LATITUDE = 42.4G DEGREES 
MAXIMUM LEAF AREA INDEX 3.50 
START OF GROWING SEASON ( JULIAN DATE) 121 
END OF GROWING SEASON (JULIAN DATE) 286 
EVAPORATIVE ZONE DEPTH ,. 24.0 INCHES 
AVERAGE ANNUAL WIND SPEED .. 10.20 MPH 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 73.00 % 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 67.00 % 
AVERAG::: 3RD QUARTER RELATIVE HUMIDITY = 71.00 % 
AVERA.GE 4TH QUARTER RELATIVE HUMIDITY = 75.00 % 

NOTE: 2RECIPITATION DATA WAS SYNTHETICALLY GEi-lERATED USING 
COEFF"ICIENTS FOR DETROIT MICHIGAN 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

l.:Hi 1. 69 2.54 3.15 2. 77 3.42 
3 .10 3.21 2.25 2.12 2.33 2.52 

NO'I'E: TSMPERATURE DATA WAS SYNTHETICALL"{ GENERATED USING 

cTAN/JUL 

23. ,10 
71.90 

COEFFICIENTS FOR DETROIT MICHIGAN 

NORMAL MEAN MC'NTH! ... Y TEMPERATURE (DEGREES FAHRENHEIT) 

FE!3/AliG 

:_5. 81) 
rn.50 

MAR/SEP 

35.00 
ii3.30 

APR/OCT 

4 7. 40 
51.90 

MAY/NOV 

58 .10 
.19.50 

JUN/DEC 

67. 70 
28.50 

NOTZ: SOLAR RADJA'l'ION DATA WAS SYNTHETICALLY GElmRATED USING 
COEFFICII.:N'rS FOR DETROIT . MICHIGAN 

AND :3Tl\TTON LATITUDE 4 2 . 4 0 DEGREES 

**~******************~•******************************************************** 

MONTHLY TOTALS (IN INCHES) FOR YEAR 1 
-------------------------------------------------------------------------------

JAN/JUL FEB/AUG MAR/SEP APR/OCT 

PRECIPITATION 1. 91 1. 64 2.40 2.37 
2.78 3 .11 3.12 0.61 

RUNOff 0.609 0. 611 1.052 0.195 
0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0.383 0.337 0.363 2. 971 
2.885 2.399 3.323 1. 4 61 

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 1. 0114 2.4181 
LAYER 3 0.0002 0.0002 0.0007 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES) 

AVERAGE DAILY HE;AD ON 
( OF LAYER 3 

. .£VIATION OF DAILY 
... ~D ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.011 
0.000 

0.014 
0.000 

0.023 
0.000 

0.016 
0.000 

MAY/NOV 

1. 78 
3.38 

0.000 
0.000 

2 .272 
0.680 

1.2252 
0.0000 

0.013 
0.000 

0.018 
0.000 

JUN/DEC 

•l. 4 9 ' 
3. 81! 

0.000 
0.294 

5. 4 91 
0.284 

0.0041 
1.1619 

0.000 
0.013 

0.000 
0.014 



PRECIPITATION 

RUNOFF 

?OTRANSPIRATION 

ANNUAL TOTALS FOR YEAR 

INCHES 

31.43 

2.760 

22.850 

~RC./LEAKAGE THROUGH LAYER 1 

AVG. HEAD CN TOP OF LAYER 3 

CHANGE IN WA'l'ER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

:-10NTHLY 10TALS (IN 

5.821875 

0.0050 

-0.002 

80.169 

80.167 

0.000 

0.000 

0.0000 

INCHES) FOR YEAR 

CU. FEET 

114090. 92:2 

10019.824 

82945.430 

21133. 406 

-7.755 

291015.250 

291007.500 

0.000 

0.000 

0.012 

2 

PERCENT 

100.00 

8.78 

72. 70 

18.52 

-0.01 

0.00 

0.00 

0.00 

-------------------------------------------------------------------------------
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/UOV JUN/DEC 

PRECIP!TATION 2.35 2.26 4.20 4.91 3.61 ·1. 99 
0.65 6.15 1. 40 0.76 4.7Z 2.02 

Rl.JNOFF 0.000 0.960 2. 694 0.590 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.0)3 

EVAPOTRANSPIRATr,.:,N 0. 450 0.529 0.453 3 .192 4.033 t.687 

( 
0.958 3 . .592 2.512 1.013 0. 743 0. :,1)9 

.AT'!: v:.'l' / !...EAY •. AGF TH,:.ouG~ 'l.00();'.J 0. i)0(,0 1 .1136 2.9628 2.8211 0.3458 
:ER 0.0000 0.8196 0.3689 0.0000 0.0000 :.0429 

MONTHLY SL'Ml-'.ARIE.S FC'R DAILY HEADS (INCHES) 

AVERAGE DAILY HE.AD ON 
TOP OF LAYE?. 

STD. ;)EVIATI0N OF OAILY 
HEAD ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.007 

0.000 
0.012 

0.012 
0.004 

0.014 
0.011 

0.028 
0.000 

0.021 
0.000 

0.027 
0.000 

0.011 
0.000 

0.004 
0.011 

0.010 
0.013 

*************k****************************************************************~ 

************************~****************************************************** 

ANNUAL TOTALS FOR YEAR 2 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

PERC./LEAKAGE THRCUGH LAYER 3 

AVG. HEAD ON TOP OF .LAYER 3 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

WATER AT END OF YEAR 

WATER AT START OF YEAR 

..,,mw WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

INCHES 

38.02 

4.337 

24.672 

9.474739 

0.0077 

-0. 4 71 

80.167 

79.696 

0.000 

0.000 

0.0073 

CU. FEET 

138012.609 

15744.463 

89558. 906 

34393.305 

-1710.646 

291007.500 

289296.875 

0.000 

0.000 

26.577 

PERCENT 

100.00 

11. 41 

64. 89 

24. 92 

-1. 24 

0.00 

0.00 

0.02 

***~******************~*********~********************************************** 



MONTHLY TOTALS {IN INCHES) FOR YEAR 3 

-------------------------------------------------------------------------------
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

rKECIPITATION 1.33 0.99 2.81 5.25 6.05 4.20 
4.25 1. 69 1. 32 0.82 2.48 2.84 

RUNOFF 0.186 0.202 1.130 1. 809 0.019 0.00() 
0.000 0.000 0.000 0.000 0.000 0.244 

EVAPOTRANSPIRATION 0. 493 0. 413 0.392 1.850 5.018 6 .172 
3.291 2.380 1.469 0.908 0.603 0. 455 

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.0194 1.2376 3. 4298 2.5612 
LAYER 3 0.0003 0.0006 0.0006 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS {INCHES) 

AVERAGE DAILY HEAD ON 
TOP OF LAYER 3 

STD. DEVIATION OF DAILY 
HEAD ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.001 
0.000 

ANNUAL TOTALS FOR YEAR 3 

PRECIPITATION 

RUNOFF 

( lTRANSPIRP-'i'ION 

-~./LEAKAGE THROUGH LAYEH 

A\/G. HEAD ON TOI' OF LAYER 3 

CHANGE IN WP.TE.R STOR...J\GE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

INCHES 

34.03 

3.591 

23.443 

7.249610 

0.001;4 

-0.254 

79.696 

78.304 

0.000 

1.138 

0.0000 

0.013 
0.000 

0.015 
0.000 

CU. FEET 

0.036 
0.000 

0.022 
0.000 

123528.898 

13033.669 

85099.695 

26316 .-086 

-920. 558 

289296.875 

284245.125 

0.000 

4131.177 

0.007 

0.027 
0.000 

0.017 
0.000 

PERCENT 

100.00 

10.55 

68.89 

21.30 

-0.75 

0.00 

3.34 

0.00 

********************~***************************~W***************************** 

******************************************************************************* 

MONTHLY TOTALS {IN INCHES) FOR YEAR 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 2.37 0.99 1. 82 3.35 2.82 2.27 
3.18 3.15 0. 64 0.97 2.28 4.39 

RUNOFF 1.101 0.186 0.700 1. 489 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 1. 242 

EVAPOTRANSPIRATION 0.527 0.384 0.398 1.030 3.944 4.143 

a( 
3 .179 1. 994 1.766 0.603 0.348 0. 454 

.TION/LEAKAGE THROUGH 0.0000 0.0000 0.0000 0. 7299 3.0764 0.0000 
c;R 3 0.0004 0.0000 0.0000 0.0000 0.0000 0.0000 

-------------------------------------------------------------------------------
MONTHLY SUMMARIES FOR DAILY HEADS {INCHES) 

AVERAGE DAILY HEAD ON 0.000 0.000 0.000 0.007 0.032 0.000 



TOP OF LAYER 3 

STD. DEVIATION OF DAILY 
HEAD ON TOP OF LAYER 3 

0.000 

0.000 
0.000 

0.000 

0.000 
0.000 

ANNUAL TOTALS FOR YEAR 

0.000 

0.000 
0.000 

0.000 

0.013 
0.000 

0.000 

0.016 
0.000 

0.000 

0.000 
0.000 

-------------------------------------------------------------------------------
INCHES cu. FEET PERCENT 

-------- ----------
PRECIPITATION 28.23 102474.930 100.00 

RUNOFF 4 .. 718 17126.178 16.71 

EVAPOTRANSPIRATION 18. 770 68135.281 66. 4 9 

PERC./LEAKAGE THROUGH LAYER 3 3.806695 13818.301 13. 48 

AVG. HEAD ON TOP OF LAYER 3 0.0033 

CHANGE IN WATER STORAGE 0.930 3374.354 3.29 

SOIL WATER AT START OF YEAR 78.304 284245.125 

SOIL WATER AT END OF YEAR 80.044" 290561.125 

SNOW WATER AT START OF YEAR 1.138 4131.177 4.03 

SNOW WATER AT END OF YEAR 0.328 1189.533 1.16 

ANNUAL WATER BUDGET BALANCE 0.0057 20.819 0.02 

****************•************************************************************** 

MONTHLY TOTALS (IN INCHES) FOR YE.!\R 5 

( JAN/C'TJL FEB/Al'G MAR/SE.P APR/OCT MAY/NO\' JUN/DEC 

:-".:.CIPITATION 0.92 2.33 0. 71 4.60 4.27 4.24 
2.66 2.38 2.00 1.57 1. 52 2.78 

RGNOFF 0.334 0.977 0.204 2.138 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0. 406 0.336 0.318 0.898 3. 368 6.258 
3.807 1.627 2.699 0.706 0. 410 0.346 

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.0767 1.3430 3.0443 1.2245 
LAYER 3 0.0205 0.0000 0.0000 0.0000 0.0000 0.0013 

-------------------------------------------------------------------------------
MONTHLY 

AVERAGE DAILY HEAD ON 
TOP OF LAYER 3 

STD. DEVIATION OF DAILY 
HEAD ON TOP OF LAYER 3 

SUMMARIES FOR DAILY H~S . (INCHES) 

0.000 
0.000 

0.000 
0.002 

0.000 
0.000 

0.000 
0.000 

0.001 
0.000 

0.003 
0.000 

0.014 
0.000 

0.017 
0.000 

0.030 
0.000 

0.016 
0.000 

0.013, 
0.000 

0.013 
0.000 

******************************************************************************* 

******************************************************************************* 

ANNUAL TOTALS FOR YEAR 5 

INCHES cu. FEET PERCENT 
-------- ----------

PRECIPITATION 29.98 108827.430 100.00 

RUNOFF 3.653 13260.419 12.18 

( TRANSPIRATION 21.179 76878.297 70.64 

2./LEAKAGE THROUGH LAYER 3 5.710396 20728. 738 19.05 

AVG. HEAD ON TOP OF LAYER 3 0.0049 

CHANGE IN WATER STORAGE -0.562 -2040.037 -1.87 

SOIL WATER AT START OF YEAR 80.044 290561.125 

SOIL WATER AT END OF YEAR 79.810 289710.625 



SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

AVERAGE MONTHLY VALUES IN INCHES 

0.328 

0.000 

0.0000 

FOR YEARS 1 

1189.533 

0.000 

0.007 

THROUGH 5 

1.09 

0.00 

0.00 

-------------------------------------------------------------------------------
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 
-------------

TOTALS 1. 78 1.64 2.39 4.10 3. 71 4.04 
2.70 3.30 1. 70 0.95 2.88 3 .17 

STD. DEVIATIONS 0.64 0.65 1. 28 1. 20 1. 61 1.04 
1.31 1. 70 0.93 0.37 1.23 0.94 

RUNOFF 

TOTALS 0.446 0.587 1.156 1. 244 0.004 0.000 
0.000 0.000 0.000 0.000 0.000 0.375 

STD. DEVIATIONS 0. 429 0.388 0.934 0.823 0.009 0.000 
0.000 0.000 0.000 0.000 0.000 0. 499 

EVAPOTRANSPIRATION 
------------------

TOTALS 0. 452 0 .400 0.385 1. 988 3. 727 5.750 
2.824 2.398 2.354 0.938 0.557 0.410 

STD. DEVIATIONS 0.060 0.079 0.049 1.065 1.006 0.995 
1.095 0.739 0.744 0.334 0 .172 0.092 

PERCOLATION/LEAKAGE THROUGH LAYER 3 
------------------------------------

TOTALS 0.0000 0.0000 0.4442 1. 7383 2. 7194 0.8271 

r:o. 0.0043 0. 1641 0.0741 0.0000 0.0000 0.4412 

DEVIATIONS 0.0000 0.0000 0.5663 0.9200 0.8632 1.0907 
0.0091 0.3664 0.1648 0.0000 (1.0000 0.6050 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES; 

DAILY AVERAGE HEAD ON TOP OF LAYER 3 
-------------------------------------

AVERAGES 0.0000 0.0000 0.0047 0.0173 0. 0276 0.0087 
0.0001 0.0014 0.0009 0.0000 0.0000 0.0046 

STD. DEVIATIONS 0.0000 0.0000 0.0059 0.0083 0.0087 0. 0113 
0.0002 0.0031 0.0019 0.0000 0.0000 0.0064 

************************************************~~~***************************** 

*****************************************************************************~* 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5 

INCHES cu. FEET PERCENT 
------------- ---------

PRECIPITATION 32.34 3.821) 117387 .0 100.00 

RUNOFF 3.812 0.7545) 13836.91 11. 787 

EVAPOTRANS?IRATION 22.183 2.2850) 80523.52 68.597 

PERCOLATION/LEAKAGE THROUGH 6.41266 2.10417) 23277. 969 19.83011 
LAYER 3 

AVERAGE HEAD ON TOP 0.005 ( 0.002) 
OF LAYER 3 

CHANGE IN WATER STORAGE -0.072 0.6001) -260.93 -0.222 f ************************************************************************* 



PEAK DAILY VALUES FOR YEARS 

PRECIPITATION 

RUNOFF 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

AVERAGE HEAD ON TOP OF LAYER 3 

SNOW WATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL/VOL) 

1 THROUGH 

(INCHES) 

2.56 

1.163 

0.207529 

0.065 

3.10 

5 

(CU. FT.) 

9292. 800 

4222.2534 

753.32996 

11265 .5547 

0. 4 710 

0.2100 

****************************************************************************** 

( 



FINAL WATER STORAGE AT END OF YEAR 5 

LAYER (INCHES) (VOL/VOL) 
-------- ---------

9.5021 0.3959 

J~ 2 42.0479 0.2920 

3 28.2600 0. 4710 

SNOW WATER 0.000 

*************************•****************************~*********************** 
******++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++T+++++++++ 

( 



****************************************************************************** 
···················••********************************************************* 

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3.04 (13 MARCH 1995) 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

****************************************************************************** 
****************************************************************************** 

PRECIPITATION DATA PILE: C:\HELP3\MCPREC.D4 
C:\HELP3\MCTEMP.D7 
C:\HELP3\MCSOLR.Dl3 
c:\HELP3\MCEVAP.Dll 
C:\HELP3\MCSOIL.D10 
C:\HELP3\MCOUTP.OUT 

TEMPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOTRANSPIRATION DATA: 
SOIL AND DESIGN DATA FILE: 
OUTPUT DATA FILE: 

TIME: 15:15 DATE: 4/5/2001 

( 

TITLE: MACOMB COUNTY LANDFILL SITE 9A (EXISTING CONDITIONS) 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE P.ROGRAM. 

LAYER 1 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 12 

rHIC:KNESS 24 .00 INCHES 
POROSITY 0.47:G VOL/VOL 
FIELD C\PAC!TY 0.3420 VOL/VOL 
W:': !-TING POINT 0. 2 "...00 VOL/VOL 
INITIAL SOIL WATER CONTENT C.4109 VOLiVOL 
EF:'EC'l'IVE 3A'l. HY'.;. COND. 0.419999997000E-C4 CM/SEC 

NOTE: SATURA?ED HYDRAULIC CONDUCTIVITY IS MULTIPLIEG BY 4.63 
~OR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 

LAYER 2 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 18 

THICKNESS 
POROSIT'! 

, 228. 0-0- INCHES 

FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYO. COND. 

0.otl0 VOL/VOL 
0.2920 VOL/VOL 
0. 0770 VOL/VOL 
0.2920 VOL/VOL 

0.l0000O00S000E-02 

LAYER 3 

TYPE 3 - BARRIER 
MATERIAL TEXTURE 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYO. COND. 

SOIL LINER 
NUMBER 12 

60. 00 INCHES 
0. 4 710 VOL/VOL 
0.3420 VOL/VOL 
0.2100 VOL/VOL 
0. 4 710 VOL/VOL 

0.419999997000E-04 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED. 

SCS RUNOFF CURVE NUMBER 

CM/SEC 

CM/SEC 

FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 

70.00 
50.0 

1.000 
24.0 

PERCENT 
ACRES 
INCHES 



INITIAL WATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW WATER 

9.862 
11.304 
5.040 
0.000 

104.698 
104.698 

0.00 

INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

INITIAL WATER IN LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
DETROIT MICHIGAN 

STATION LATITUDE 
MAXIMUM LEAF AREA INDEX 

=- 42. 40 

START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
EVAPORATIVE ZONE DEPTH 

3.50 
121 
286 

~ 24.0 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE 
AVERAGE 2ND QUARTER RELATIVE 
AVERAGE 3RD QUARTER RELATIVE 
AVERAGE 4TH QUARTER RELATIVE 

10.20 
HUMIDITY =- 73.00 
HUMIDITY a 67.00 
HUMIDITY 71.00 
HUMIDITY =- 75.00 

DEGREES 

INCHES 
MPH 
% 
% 
% 
% 

NOTE: PRECIPITATION DATA WAS SYNTHETIC.ULY GENERATED USING 
COEFFICIENTS FOR DETROIT MICHIGAN 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JANI-JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

1. 86 1. 69 2.54 3.15 2.77 3.43 
3. l 0 3.21 2.25 2.12 2.33 2.52 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 

JAN/JUL 

:-!3. 40 
71.90 

COEFFICIENTS FOR DETROIT MICHIGAN 

NORMAL ME,"\N MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

FBB/AUG 

25.50 
70.50 

MAR/SEP 

35.00 
63.30 

APR/OCT 

47.40 
51.90 

MAY/NOV 

58.10 
39.50 

-JUN/DEC 

?'i7. 70 
28.50 

NOTE: SOLl\R RADIATION DATA w:-:..S SYNTHETICALLY GENERATED USING 
:::OEFFIClENTS FOR DETROIT MICHIGAN 

ANP STAT-ION I.ATI'ftlDE 4 2. 4 0 DEGREES 

***************************************~*************************************** 

MONTHLY TOTALS q:N INCHES) FOR YEAR 1 
-----------------------------------------------------------------------------

JAN/JUL !:EB/AUG MAR/SEP APR/OCT 

PRECI PI TAT ION 1. 91 1. 64 2. 40 2.37 
2.78 3 .11 3.12 0.61 

RUNOFF 0.609 0. 611 1.052 0.195 
0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0.383 0.337 0.363 2. 971 
2.885 2.399 3.323 1. 4 61 

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 1. 0114 1. 9329 
LAYER 3 0.0002 0.0002 0.0007 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES) 

A_J.fRAGE DAILY HEAD ON 
( OF LAYER 3 

uEVIATION OF DAILY 
.. .:..AD ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.011 
0.000 

0.014 
0.000 

0.018 
0.000 

0.013 
0.000 

MAY/NOV 

1. 78 
3.38 

0.000 
0.000 

2 .272 
0.680 

1. 7104 
0.0000 

0.018 
0.000 

0.018 
0.000 

JUN/DEC 

4 • 4 9 r 

3.84 

0.000 
0. 294 

5. 4 91 
0.284 

0.0041 
l.1619 

0.000 
0.012 

0.000 
0.014 



ANNUAL TOTALS FOR YEAR 1 

PRECIPITATION 

RUNOFF 

~?OTRANSPIRATION 

.{C. /LEAKAGE THROUGH LAYER 3 

AVG. HEAD ON TOP OF LAYER 3 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

INCHES 

31.43 

2. 760 

22.850 

5.821877 

0.0049 

-0.002 

104.697 

104.695 

0.000 

0.000 

0.0000 

CU. FEET 

114090. 922 

10019.824 

82945.430 

21133. 412 

-7.755 

380051.906 

380044.156 

0.000 

0.000 

0.007 

PERCENT 

100.00 

8.78 

72. 70 

18.52 

-0.01 

0.00 

0.00 

0.00 

***********~*******************************************~*********************** 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2 
-------------------------------------------------------------·------------------

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 2.35 2.26 4.20 4.91 3.61 4.99 
0.65 6.15 1. 40 0.76 4. 72 2.02 

RUNOFF 0.000 0.960 2.694 0.590 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.093 

EVAPOTRANSPIRATION 0. 450 0.529 0. 453 3. :.92 4.033 6.687 

r 0.958 3 .592 2.512 l.OJ3 0.743 0.509 

ATION/LEAKAGE THROl1GH 0.0000 0.0000 l.U358 ?. • 2 724 2.7466 1.1886 
i:R 3 0.0000 0.7122 0.476'2 0.0000 0.0000 1. 0429 

MONT~LY SUMMARIES FOR DAILY HEADS (INCHES) 

AVERAGE DAILY HEAD ON 
TOP OF LAYER 3 

STD. DEVIATION OF DAILY 
HEAD ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.007 

0.000 
0.012 

0.011 
0.005 

0.015 
0.012 

0.022 
o.oco 

0.018 
0.000 

0.027 
0.000 

0.012 
0.000 

0.013 
0.010 

0.016 
0.013 

**********************************~******************************************** 

******************************************************************************* 

ANNUAL TOTALS FOR YEil.R 2 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

PERC./LEAKAGE THROUGH LAYER 3 

AVG. HEAD ON TOP OF LAYER 3 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

WATER AT END OF YEAR 

WATER AT START OF YEAR 

..,dOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

INCHES 

38.02 

4.337 

24.672 

9.474738 

0.0079 

-0. 4 71 

104.695 

104.224 

0.000 

0.000 

0.0073 

CU. FEET 

138012.609 

15744.463 

89558.906 

34393.301 

-1710.646 

380044.156 

378333.500 

0.000 

0.000 

26.580 

PERCENT 

100.00 

11. 41 

64.89 

24.92 

-1. 24 

0.00 

0.00 

0.02 

******************************************************************************* 



MONTHLY TOTALS (IN INCHES) FOR YEAR 3 
-------------------------------------------------------------------------------
~ JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

l'KECIPITATION 1. 33 0.99 2.81 5.25 6.05 4.20 
4.25 1. 69 1.32 0.82 2.48 2.84 

RUNOFF 0.186 0.202 1.130 1. 809 0.019 0.000 
0.000 0.000 0.000 0.000 0.000 0.244 

EVAPOTRANSPIRATION 0. 4 93 0. 413 0.392 1.850 5.018 6.172 
3. 291 2.380 1. 469 0.908 0.603 0. 455 

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.0190 1.0274 2.8337 3. 2 67 9 
LAYER 3 0.1004 0.0006 0.0006 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES) 

AVERAGE DAILY HEAD ON 
TOP OF LAYER 3 

STD. DEVIATION OF DAILY 
HEAD ON TOP OF LAYER 3 

0.000 
0.001 

0.000 
0.006 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.001 
0.000 

0.011 
0.000 

0.014 
0.000 

0.030 
0.000 

0.018 
0.000 

0.035 
0.000 

0.009 
0.000 

***************************~************************************~************** 

ANNUAL TOTALS FOR YF..AR 3 

PRECIPITATION 

RUNOFF 

( '?')TRANSPIRATION 

.C. I LEAKAGE THROUGH LAYER 3 

AVG. H&~D ON TOP OF LAYER J 

CHJ\NGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WhTER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

INCHES 

34.03 

3.591 

23.443 

7.249610 

0.0065 

-0.254 

104.224 

102.832 

0.000 

1.138 

0.0000 

cu. FEET 
----------
123528.898 

13033.669 

85099.69~ 

26316.034 

··92C. 558 

3713333.500 

373281. 781 

o.ooc 

4131.177 

0.009 

PERCENT 

100.00 

10.55 

63.89 

21. 30 

··'). 75 

0.00 

3.34 

0.00 

******************************************************************************* 

***********************************************************************~******* 

MONTHLY TOTALS (IN INCHES) FOR YEAR 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 2.37 0.99 1. 82 3.35 2.82 2.27 
3.18 3.15 0. 64 0.97 2.28 4.39 

RUNOFF 1.101 0 .186 0.700 1. 4 89 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 1. 242 

EVAPOTRANSPIRATION 0.527 0.384 0.398 1.030 3.944 4.143 
3.179 1. 994 1.766 0.603 0.348 0. 454 (. 

AT ION/LEAKAGE THROUGH 0.0000 0.0000 0.0000 0. 7193 3.0430 0.0441 
.C:R 3 0.0004 0.0000 0.0000 0.0000 0.0000 0.0000 

-------------------------------------------------------------------------------
MONTHLY SUMMARIES FOR DAILY HEADS (INCHES) 

AVERAGE DAILY HEAD ON 0.000 0.000 0.000 0.007 0.032 0.001 



TOP OF LAYER 3 

STD. DEVIATION OF DAILY 
HEAD ON TOP OF LAYER 3 

-~ 

0.000 

0.000 
0.000 

0.000 

0.000 
0.000 

0.000 

0.000 
0.000 

0.000 

0.013 
0.000 

0.000 

0.011 
0.000 

0.000 

0.003 
0.000 

************************************************************************** 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

ANNUAL TOTALS FOR YEAR 

INCHES 

28.23 

4. 718 

18.770 

PERC./LEAKAGE THROUGH LAYER 3 

AVG. HEAD ON TOP OF LAYER 3 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

3.806694 

0.0033 

0.930 

102.832 

104 .572 

1.138 

0.328 

0.0057 

CU. FEET 

102474.930 

17126.178 

68135.281 

13818. 299 

3374.354 

373281. 781 

379597.781 

4131.177 

1189.533 

20.822 

PERCENT 

100. 00 

16.71 

66.49 

13. 48 

3.29 

4.03 

1.16 

0.02 

MONTHLY TOTALS (IN INCHES) FOR YEAR 5 

r JAN/JUL FEB/AUG MAR/SEP AP~/OCT MAY/NOV -JUN/DEC 

•.. .:..CIPIT.ATION 0.92 2.33 o.n 4.60 4.27 4.14 
2.66 Z.38 2.00 1.57 1.52 2.78 

RUHOFF 0.334 0. 977 0.204 2.138 0.000 0.00G 
0.000 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 8.406 0.336 0.318 0.898 3.368 ti. 258 
3.807 1.62'? 2.699 0.706 0. 410 0.346 

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.0767 1.2756 2.5338 1. 8021 
LAYER 3 0.0207 0.0000 0.0000 0.0000 0.0000 ,).0013 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES) 

AVERAGE DAILY HEAD ON 
TOP OF LAYER 3 

STD. DEVIATION OF DAILY 
HEAD ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.002 

0.000 
0.000 

0.000 
0.000 

0.001 
0.000 

0.003 
0.000 

0.014 
0.000 

0.016 
0.000 

0.024 
0.000 

0.015 
0.000 

0.019 
o.oocJ 

0. 014 
0.000 

************************************~****************************************** 

******************************************************************************* 

ANNUAL TOTALS FOR YEAR 5 

INCHES cu. FEET PERCENT 
-------- ----------

PRECIPITATION 29.98 108827.430 100.00 

RUNOFF 3.653 13260.419 12.18 

( ' 0 0TRANSPIRATION 21.179 76878.297 70.64 

~-/LEAKAGE THROUGH LAYER 3 5. 710395 20728. 734 19.05 

AVG. HEAD ON TOP OF LAYER 3 0.0048 

CHANGE IN WATER STORAGE -0. 5 62 -2040.037 -1. 87 

SOIL WATER AT START OF YEAR 104.572 379597.781 

SOIL WATER AT END OF YEAR 104.338 378747.250 



( 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

0.328 

0.000 

0.0000 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 

1189.533 

0.000 

0.010 

1 THROUGH 5 

1. 09 

0.00 

0.00 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 

TOTALS 

STD. DEVIATIONS 

RUNOFF 

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD. DEVIATIONS 

1. 78 
2.70 

0. 64 
1.31 

0. 44 6 
0.000 

0. 429 
0.000 

0. 452 
2.824 

0.060 
1.095 

1.64 
3.30 

0.65 
1. 70 

0.587 
0.000 

0.388 
0.000 

0.400 
2.398 

0.079 
0.739 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

TOTALS 

'D. DEVIATIONS 

0.0000 
0.0244 

0.f)C00 
0.0435 

0.0000 
0.1426 

0.0000 
0.3184 

2.39 
1. 70 

1.28 
0.93 

1.156 
0.000 

0.934 
0.000 

0.385 
2.354 

0.049 
0.744 

0.4286 
0.0955 

O.S440 
0.2128 

4.10 
0.95 

1. 20 
0.37 

1.244 
0.000 

0.823 
0.000 

1.988 
0.938 

1.065 
0.334 

1. 4455 
0.0000 

0.6427 
0. rJO00 

3. 71 
2.88 

1.61 
1.23 

0.004 
0.000 

0.009 
0.000 

3. 727 
0.557 

1.006 
0.172 

2.5735 
0.0000 

0.5159 
0.0000 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ON TOP OF LAYER 3 

AVERAGES 

STD. DEVIATIONS 

0.0000 
0.0003 

0.0000 
0.0005 

0.0000 
0.0015 

0.0000 
0.0033 

0.0047 
0.0011 

0.0058 
0.0024 

0.0145 
0.0000 

0.0056 
0.0000 

0.0262 
0.0000 

0.0053 
0.0000 

4.04 
3.17 

1. 04 
0.94 

0.000 
0.375 

0.000 
0. 4 99 

5. 750 
0. 410 

0.995 
0.092 

1.2613 
J.4112 

1.3:589 
O.fi050 

0.0133 
0.0044 

0.0144 
0.0061 

*************************************************-****************************** 

******************************************************************************* 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS .1 THROUGH 

PRECIPITATION 

RUNOFF 

EVAPCTRANSPIRATION 

PERCOLATION/LEAKAGE THROUGH 
LAYER 3 

AVERAGE HEAD ON TOP 
OF LAYER 3 

INCHES 

32.34 

3.812 

22.183 

6.41266 

0.006 ( 

cu. FEET 
-------------

3.821) 117387.0 

0.7545) 13836.91 

2.2850) 80523.52 

2.10417) 23277.965 

0.002) 

5 

PERCENT 
---------
100.00 

11. 787 

68.597 

19.83011 

-0.072 0. 6001 l CHANGE IN WATER STORAGE -260.93 -0.222 

( ************************************************************************* 



PEAK DAILY VALUES FOR YEARS 

PRECIPITATION 

RUNOfF 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

AVERAGE HEAD ON TOP OF LAYER 3 

SNOW WATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL/VOL) 

1 THROUGH 

(INCHES) 

2.56 

1.163 

0.172878 

0.052 

3.10 

5 

(CU. FT.) 

9292. 800 

4222.2534 

627.54681 

11265.5547 

0. 4710 

0.2100 

****************************************************************************** 

( 

( 



FINAL WATER STORAGE AT END OF YEAR 5 

LAYER 

2 

3 

SNOW WATER 

(INCHES) 

9.5021 

66.5759 

28.2600 

0.000 

(VOL/VOL) 

0.3959 

0.2920 

0.4710 

****************************************************************************** 
****************************************************************************** 



**•**********************************************•**************************** 
****************************************************************************** 

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3.04 (13 MARCH 1995) 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

****************************************************************************** 
****************************************************************************** 

PRECIPITATION DATA FILE: 
TEMPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOTRANSPIRATION DATA: 
SOIL AND DESIGN DATA FILE: 
OUTPUT DATA FILE: 

C:\HELP3\MCPREC.D4 
C:\HELP3\MCTEMP.D7 
C:\HELP3\MCSOLR.Dl3 
c:\HELP3\MCEVAP.Dll 
C:\HELP3\MCSOIL.D10 
C:\HELP3\MCOUTP.OUT 

TIME: 15: 9 DATE: 4/5/2001 

****************************************************************************** 

TITLE: MACOMB COUNTY LANDFILL SITE 9 (PROPOSED DESIGN) 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

LAYER 1 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYO. COND. 

24. 00 INCHES 
0. 4750 VOL/VOL 
0.3780 VOL/VOL 
0.2650 VOL/VOL 
0.4115 VOL/VOL 

0.9999999750COE-05 

LAYER 2 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 18 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYD. COND. 

14 4 . 00 INCHES 
0. 671.0 VOL/VOL 
0.2"9"20 VOL/VOL 
0.0770 VOL/VOL 
0.2920 VOL/VOL 

0.100000005000E-02 

LAYER 3 

TYPE 3 - BARRIER 
MATERIAL TEXTURE 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYO. COND. 

SOIL LINER 
NUMBER 12 

60. 00 INCHES 
0.4710 VOL/VOL 
0.3420 VOL/VOL 
0.2100 VOL/VOL 
0.4710 VOL/VOL 

0.419999997000E-04 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED. 

SCS RUNOFF CURVE NUMBER 

CM/SEC 

CM/SEC 

CM/SEC 

FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL WATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 

79.00 
100.0 

1.000 
24.0 

9.876 
11.400 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 



( 

LOWER LIMIT OF EVAPORATIVE STORAGE .. 
INITIAL SNOW WATER 

6.360 
0.000 

80.184 
80.184 

0.00 

INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

INITIAL WATER IN LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
DETROIT MICHIGAN 

STATION LATITUDE 
MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
EVAPORATIVE ZONE DEPTH 

a 42.40 
3.50 

121 
286 

a 24.0 
10.20 
73.00 
67.00 
71.00 
75.00 

AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE 
AVERAGE 2ND QUARTER RELATIVE 
AVERAGE 3RD QUARTER RELATIVE 
AVERAGE 4TH QUARTER RELATIVE 

HUMIDITY a 

HUMIDITY a 

HUMIDITY • 
HUMIDITY .. 

DEGREES 

INCHES 
MPH 
% 
% 
% 
% 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DETROIT MICHIGAN 

NORMAL MEAN MONTHLY PRECI PI TAT ION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

1. 86 1.69 2.54 3.15 2.77 3.43 
3.10 3.21 2.25 2.12 2.33 2.52 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DETROIT MICHIGAN 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

23. 40 25.80 35.00 47.40 58.10 67. 70 
71.90 70.50 63.30 51.90 39.50 28.50 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DSTROIT MICHIGAN 

AND STATION LATITUDE 42.40 DEGREES 

MONTHLY TOTALS (IN INCHES) FOR YEAR l 
-------------------------------------------------------------------------------

JAN/JUL FEB/AUG ~/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 1. 91 1. 64 2. 40 2.37 1. 78 4.49 
2.78 3.11 3.12 0.61 3.38 3.84 

RUNOFF 1.123 1. 025 1. 834 0.691 0.136 0.220 
0.415 1.519 0. 798 0.063 0.716 2.025 

EVAPOTRANSPIRATION 0. 4 04 0.375 0. 425 2.382 2.060 5.784 
2.540 1. 7 61 1. 889 1.045 0.655 0.265 

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.0000 0.9148 0.2778 0. 0115 
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES) 

AVERAGE DAILY HEAD ON 0.000 0.000 0.000 0.008 0.003 0.000 
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000 

r ~EVIATION OF DAILY 0.000 0.000 0.000 0.010 0.002 0.001 
ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000 

•****************************************•************•********************* 

*******************************************************************~*********** 

ANNUAL TOTALS FOR YE.t\R 



INCHES cu. FEET PERCENT 
-------- ----------

PRECIPITATION 31. 43 114090. 922 100.00 

RUNOFF 10.566 38353.707 33.62 

EVAPOTRANSPIRATION 19.585 71091.930 62.31 

~C. /LEAKAGE THROUGH LAYER 3 1.204148 4371. 056 3.83 

..:i. HEAD ON TOP OF LAYER 3 0.0009 

CHANGE IN WATER STORAGE 0.076 274.233 0.24 

SOIL WATER AT START OF YEAR 80.184 291067.125 

SOIL WATER AT END OF YEAR 80.259 291341. 344 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.008 0.00 

******************************************************************************* 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 2.35 2.26 4.20 4.91 3.61 4.99 
0.65 6.15 1.40 0.76 4. 72 2.02 

RUNOFF 0.000 1. 837 4. 67 4 1.704 1.008 2.231 
0.000 3.075 0.000 0.000 1.163 0.398 

EVAPOTRANSPIRATION 0.454 0.529 0. 685 2. 400 3.050 5.329 
0.650 2.595 1.620 0.841 0.749 0.459 

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.0000 0.8359 1. 0872 0.0864 

( ·sR 3 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 

MONT~LY SUMMARIES FOR DAILY HEADS (INCHES) 

AVERAGE DAILY P.EAD ON 
TOP OF LAYER 3 

STD. DEVIATION OF DAILY 
HEAD ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0. 009 
0.000 

0 .009 
0.000 

0.010 
0.000 

0.009 
0.000 

0.001 
0.000 

0.002 
0.000 

******************************************************************************* 

***********************************************************************~~****** 

ANNUAL TOTALS FOR YEAR 2 

.PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

PERC./LEAKAGE THROUGH LAYER 3 

AVG. HEAD ON TOP OF LAYER 3 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

( WATER AT END OF YEAR 

.-,.i.,iNUAL WATER BUDGET BALANCE 

INCHES 

38.02 

16.090 

19.361 

2.009663 

0.0016 

0.553 

80.259 

80.812 

0.000 

0.000 

0.0073 

CU. FEET 

138012. 609. 

58405.496 

70279.328 

7295.078 

2006.149 

291341.344 

293347.500 

0.000 

0.000 

26.550 

PERCENT 

100.00 

42.32 

50. 92 

5.29 

1. 45 

0.00 

0.00 

0.02 

******************************************************************************* 



MONTHLY TOTALS (IN INCHES) FOR YE.AR 3 
-------------------------------------------------------------------------------

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

?ITATION 1. 33 0.99 2.81 5.25 6.05 4.20 
4.25 l. 69 1. 32 0.82 2.48 2.84 

RUNOFF 0.565 0. 476 2.203 3.687 2.502 1. 234 
1.205 0.267 0.118 0.061 0.489 1.130 

EVAPOTRANSPIRATION 0.504 0. 428 0.415 1.761 4.406 4.966 
2.732 1. 458 1. 341 0.864 0.552 0.454 

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.0000 0.0402 1. 5273 0.0144 
LAYER 3 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES) 

AVERAGE DAILY HEAD ON 
TOP OF LAYER 3 

STD. DEVIATION OF DAILY 
HEAD ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.001 
0.000 

0.013 
0.000 

0.012 
0.000 

0.000 
0.000 

0.001 
0.000 

*******************************~*********************************************** 

( 

ANNUAL TOTALS FOR YEAR 3 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

~./LEAKAGE THROUGH LAYER 3 

.. HEAD ON TOP OF LAYER 3 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YE.AR 

SOIL WATER AT END OF YE.AR 

SNOW WATER AT START OF YE.AR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

INCHES 

34.03 

13.938 

19.881 

1..582182 

O.OOll 

-1. 371 

80.812 

78.303 

0.000 

1.138 

0.0000 

CU. FEET 

123528.898 

50593.785 

72168 .164 

5743.320 

-4976.336 

293347.500 

284239.969 

0.000 

4131.177 

-0.038 

PERCENT 

100 .00 

40.96 

58.42 

4.65 

-4.03 

0.00 

3.34 

0.00 

**********************************~******************************************** 

MONTHLY TOTALS (IN INCHES) FOR YEAR 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 2.37 0.99 1. 82 3.35 2.82 2.27 
3.18 3.15 0.64 0.97 2.28 4.39 

RUNOFF 2.855 0.065 0.793 2.177 0. 455 0. 421 
0. 723 0.461 0.000 0.000 0.754 3.185 

EVAPOTRANSPIRATION 0.525 0.382 0.396 1.025 3.366 3.888 
2. 456 1. 919 1.347 0.619 0.342 0.453 

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.0000 0.0000 0.0403 0.0000 

( 'R 3 0.0002 0.0001 0.0001 0.0000 0.0000 0.0000 

·------------------------. --------------------------------------------------
MONTHLY 

AVERAGE DAILY HEAD ON 
TOP OF LAYER 3 

SUMMARIES FOR 

0.000 
0.000 

DAILY 

0.000 
0.000 

HE.l\DS (INCHES) 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 



STD. DEVIATION OF DAILY 
HE.AD ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

ANNUAL TOTALS FOR YEAR 

0.000 
0.000 

0.000 
0.000 

0.001 
0.000 

0.000 
0.000 

-------------------------------------------------------·---------------------
INCHES cu. FEET PERCENT 

-------- ----------
PRECIPITATION 28.23 102474.930 100.00 

RUNOFF 11. 888 43154.859 42 .11 

EVAPOTRANSPIRATION 16.718 60686.070 59.22 

PERC./LEAKAGE THROUGH LAYER 3 0.040610 147.416 0.14 

AVG. HE.AD ON TOP OF LAYER 3 0.0000 

CHANGE IN WATER STORAGE -0.423 -1534.255 -1.50 

SOIL WATER AT START OF YEAR 78.303 284239.969 

SOIL WATER AT END OF YEAR 78.691 285647.375 

SNOW WATER AT START OF YEAR 1.138 4131.177 4.03 

SNOW WATER AT END OF YEAR 0.328 1189.533 1.16 

ANNUAL WATER BUDGET BALANCE 0.0057 20.843 0.02 

MON7HLY TOTALS (IN INCHES) FOR YEAR 5 
-------------------------------------------------------------------------------

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

( PITATION 0.92 2.33 0.7:i. 4.60 4.27 4.24 
2.66 2.38 2.00 1.57 1.52 2.78 

RUNOFF 0.280 1. 725 0.168 3.221 0.751 1. 355 
1. 393 0.333 a.sea 0.057 0.130 1.021 

EVAPOTRANSPIRATION 0. 402 0.335 0.313 0.889 3.478 5.502 
1. 704 1.297 2.177 0.726 0.409 0.346 

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.0000 0.0000 0.4711 0.0941 
LAYER 3 0.0000 0.0000 0.0001 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES) 

AVERAGE DAILY HE.AD ON 
TOP OF LAYER 3 

STD. DEVIATION OF DAILY 
HEAD ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.004 
0.000 

0.003 
0.000 

0.001 
0.000 

0.002 
0.000 

******************************************************************************* 

******************************************************************************* 

ANNUAL TOTALS FOR YEAR 5 
-------------------------------------------------------------------------------

INCHES cu. FEET PERCENT 
-------- ----------

PRECIPITATION 29.98 108827.430 100.00 

RUNOFF 10.941 39716.137 36. 4 9 

EVAPOTRANSPIRATION 17.578 63808.324 58.63 

( ':. /LEAKAGE THROUGH LAYER 3 0.565229 2051.781 1. 89 

;. HEAD ON TOP OF LAYER 3 0.0004 

CHANGE IN WATER STORAGE 0.896 3251.174 2.99 

SOIL WATER AT START OF YEAR 78.691 285647.375 

SOIL WATER AT END OF YEAR 79.914 290088.062 

SNOW WATER AT START OF YEAR 0.328 1189.533 1.09 



SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

0.000 

0.0000 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 

0.000 

0.009 

1 THROUGH 5 

0.00 

0.00 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECI PI TAT ION 

TOTALS 

STD. DEVIATIONS 

RUNOFF 

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD. DEVIATIONS 

1. 78 
2.70 

0.64 
1.31 

0.965 
0.747 

1.135 
0.569 

0 .458 
2.016 

0.056 
0.858 

1. 64 
3.30 

0.65 
1. 70 

1.025 
1.131 

0.770 
1.200 

0. 410 
1. 806 

0.074 
0.504 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

TOTALS 

~•;:D. DEVIATIONS 
f 

0.0000 
0.0001 

0.0000 
0.0001 

0.0000 
0.0001 

o.ocoo 
0.0001 

2.39 
1. 70 

l. 28 
0.93 

l. 9·34 
0.285 

1.733 
0.355 

0.447 
1. 675 

0.140 
0.360 

C.0000 
0.0000 

o.ocoo 
0.0000 

4.10 
0.95 

1.20 
0.37 

2.296 
0.036 

1. 197 
0.033 

1. 691 
0.819 

0.720 
0.160 

0.3582 
0.0000 

0.4732 
C.0000 

3.71 
2.88 

1. 61 
1.23 

0.971 
0.650 

0.916 
0.379 

3.272 
0.541 

0.845 
0.168 

0.6807 
0.0000 

0.6120 
c.ooco 

AVERAGES OF MONTHLY AVERAGED DAILt ijEAOS (INCHES) 

DAILY AVERJl.GE HEAD ON TOP OF LAYER 3 

AVERAGES 

STD. DEVIATIONS 

0.0000 
0.0000 

0.0000 
0.0000 

o.ocoo 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0035 
0.0000 

0.0046 
0.0000 

0.0059 
0.0000 

0.0051 
0.0000 

4.04 
3.17 

1.04 
0.94 

1. 092 
1. 552 

0.806 
1. 082 

5.094 
0.395 

0.736 
0.087 

0.0413 
0.0000 

0.0451 
().0000 

0.0005 
0.0000 

0.0004 
0.0000 

******************************************************************************* 

******************************************************************************* 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5 

INCHES cu. FEET PERCENT 
------------- ---------

PRECI PI TAT ION 32.34 3.821) 117387.0 100.00 

RUNOFF 12.685 2.3091) 46044.80 39.225 

EVAPOTRANSPIRATION 18.624 1.3940) 67606.77 57.593 

PERCOLATION/LEAKAGE THROUGH 1. 08037 0.78695) 3921.730 3.34086 
LAYER 3 

AVERAGE HEAD ON TOP 0.001 ( 0.001) 
OF LAYER 3 

CHANGE IN WATER STORAGE -0.054 0.8884) -195.81 -0.167 



PEAK DAILY VALUES FOR YEARS 

PRECI PI TAT ION 

'~ RUNOFF 

( 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

AVERAGE HEAD ON TOP OF LAYER 3 

SNOW WATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL/VOL) 

1 THROUGH 

(INCHES) 

2.56 

3,169 

0.123499 

0.032 

3.10 

5 

(CU. FT. l 

9292.800 

11503. 2656 

448.29968 

11265.5547 

0.4631 

0.2650 



FINAL WATER STORAGE AT END OF YEAR 5 

LAYER (INCHES) (VOL/VOL) 
-------- ---------

9.6061 0.4003 
,,,-..... 

2 42.0479 0.2920 

3 28.2600 0 .4710 

SNOW WATER 0.000 

( 

( 



****************************************************************************** 
****************************************************************************** 

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3.04 (13 MARCH 1995). 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

** 
** 

******************************************~*********************************** 
****************************************************************************** 

PRECIPITATION DATA FILE: C:\HELP3\MCPREC.D4 
C:\HELP3\MCTEMP.D7 
C:\HELP3\MCSOLR.Dl3 
c:\HELP3\MCEVAP.Dll 
C:\HELP3\MCSOIL.Dl0 
C:\HELP3\MCOUTP.OUT 

TEMPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOTRANSPIRATION DATA: 
SOIL AND DESIGN DATA FILE: 
OUTPUT DATA FILE: 

TIME: 15: 19 DATE: 4/5/2001 

( 

TITLE: MACOMB COUNTY LANDFILL SITE 9A (PROPOSED DESIGN) 

NOTE;· INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THF. PR0GRAM. 

LAYER 1 

TYPE 1 - VERTICAL PERCOLATIO~ Ll\YER 
MA'l'E'RIAL TEXTURE NUMBER 0 

T:HCKl--lL:iS 
PGROSITY 
FIELD CJl..?ACT'iY 
WILTING POINT 
IN~:'l'I.AL S0I".. WATEI=. CONTENT 
EFFECT~·IE SAT. HYO. COND. 

?.4. 00 INCHES 
0. 4"!50 VOL/VOL 
0. 3780 VOL,'VC.L 
0.2650 VOL/VOi.. 
0. 4115 VOL/VOL 

0.999999975000~-05 

LAYER 2 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 18 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYO. COND. 

252. 00 INCHES 
0. 6710 VOL/VOL 
0.2-9-20 VOL/VOL 
0. CJT70 VOL/VOL 
0.2920 VOL/VOL 

0.100000005000E-02 

LAYER 3 

TYPE 3 - BARRIER 
MATERIAL TEXTURE 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

SOIL LINER 
NUMBER 12 

60. 00 INCHES 
0.4710 VOL/VOL 
0.3420 VOL/VOL 
0.2100 VOL/VOL 
0. 4 710 VOL/VOL 

CM/SE.C 

CM/SEC 

INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYO. COND. 0.419999997000E-04 CM/SEC 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL WATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 

79. 00 
100.0 

1.000 
24.0 

9.876 
· 11. 400 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 



/ 

( 

LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW WATER 

6.360 
0.000 

111. 720 
111. 720 

0.00 

INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

INITIAL WATER IN LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
DETROIT MICHIGAN 

STATION LATITUDE 
MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON {JULIAN DATE) 
END OF GROWING SEASON {JULIAN DATE) 
EVAPORATIVE ZONE DEPTH 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

42.40 DEGREES 
3.50 

121 
286 

24.0 INCHES 
10.20 MPH 
73.00 % 
67.00 % 
71.00 % 
75.00 % 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DETROIT MICHIGAN 

NORMAL MEAN MONTHLY PRECIPITATION {INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR;OCT MAY/NOV JUN/DEC 

1.86 1. 69 2.54 3.15 2. 77 3.43 
:, . lJ :.21 2.25 2.12 2.33 2.52 

'.'-11)'!'!=:: TEr1PERA'l'fJPii: DATA WAS SYN'rHETlCA.LLY GENERATED USING 
COSF:IClENTS FOR DETRC>IT MICHIGAN 

:-!0RMA!.. MEAE ~ONTHLY '•'EHPEFATURE; {DEGREES FAHRENHEIT) 

,JAN/JUL FC:B/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

23. 40 2t:.8v 35.00 47.40 58.10 67.70 
'71.~I; ,0.50 63.30 !:l. 90 39.50 28.50 

NO':'E: SOLA!~ ;AD::.ATION DATA WAS: SYNTHE'i'"!:CALLY GENERATED USJ.NG 
C.l::.Fi:ICISN'~S E"OR DETROI'l' MICHIGAN 

ANt• ST."\T~ON LATITUDE ,12 .. 40 DEGREES 

MONTHLY TOTALS {IN INCHES) FOR YEAR 1 
-------------------------------------------------------------------------------

JAN/JUL E"EB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
-------

PRECI PI TAT ION 1. 91 i. 64 2.40 2.37 1. 78 4.49 
2.78 3 .11 3.12 0.61 3.38 3.84 

RUNOFF 1.123 1.025 1. 834 0.691 0.136 0.220 
0.415 1.519 0.798 0.063 0.716 2.025 

EVAPOTRANSPIRATION 0.404 0.375 0.425 2.382 2.060 5.784 
2.540 1. 761 1. 889 1.045 0.655 0.265 

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.0000 0.9148 0.2778 0.0115 
LAYER 3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS {INCHES) 

AVERAGE DAILY HEAD ON 0.000 0.000 0.000 0.008 0.003 0.000 
TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000 

r ,EVIATION OF DAILY 0.000 0.000 0.000 0.010 0.002 0.001 
ON TOP OF LAYER 3 0.000 0.000 0.000 0.000 0.000 0.000 

A*********************~***************************************************** 

ANNUAL TOTALS FOR YEAR 



INCHES cu. FEET PERCENT 
-------- ----------

PRECIPITATION 31. 43 114090.922 100.00 

RUNOFF 10.566 38353.707 33.62 

EVAPOTRANSPIRATION 19.585 71091.930 62.31 

./LEAKAGE THROUGH LAYER 3 1.204148 4371. 056 3.83 

~. HEAD ON TOP OF LAYER 3 0.0009 

CHANGE IN WATER STORAGE 0.076 274.233 0.24 

SOIL WATER AT START OF YEAR 111.720 405542.781 

SOIL WATER AT END OF YEAR 111.795 405817.000 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT END OF YE.AR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 -0.008 0.00 

******************************************************************************* 

MONTHLY TOTALS (IN INCHES) FOR YEAR 2 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 2.35 2.26 4.20 4.91 3.61 4.99 
0.65 6.15 1. 40 0.76 4. 72 2.02 

RUNOFF 0.000 1. 837 4. 67 4 1.704 1.008 2.231 
0.000 3.075 'J.000 0.000 1.163 0.398 

EVAPOTRANSPIRATION 0.454 0.529 0.685 2.400 3.050 5.329 
0.650 2.595 1.620 0.841 0.749 0. 459 

PERCOLATION/LEAKAGE '!'BROUGH 0.0'J00 0.0000 0 0000 0.8345 1.0886 0.0864 
,,/--

'ER 3 0 .0000 0.0001 0.0000 o.cooo 0.0000 0.0000 

MONTHLY SUHMARIES i:OR DAILY HEADS (INCHES) 

AVERAGE DAILY HEAD ON 
TOP OF LAYER 3 

STD. DEVlATION OF DAILY 
HEAD ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.009 
0.000 

0.009 
0.000 

0.009 
0.000 

0.008 
0.000 

0.001 
0.000 

0.002 
0.000 

* ** * * * * ** * *** * * ** ** ...... * * * * * *.,.. * * ******Ir*********** +-+...Jr**************************** 

( 

ANNUAL TOTALS FOR YEAR 2 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

PERC./LEAKAGE THROUGH LAYER 3 

AVG. HEAD ON TOP OF LAYER 3 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

WATER AT END OF YEAR 

_,,-.!UAL WATER BUDGET BALANCE 

INCHES 

38.02 

16.090 

19.361 

2.009663 

0.0016 

0.553 

111. 795 

112.348 

0.000 

0.000 

0.0073 

CU. FEET 

138012.609 

58405.496 

70279.328 

7295.078 

2006.149 

405817.000 

407823.156 

0.000 

0.000 

26.550 

PERCENT • 

100.00 

42.32 

50.92 

5.29 

1. 45 

0.00 

0.00 

0.02 



MONTHLY TOTALS (IN INCHES) FOR YEAR 3 
-------------------------------------------------------------------------------

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

~. 
?ITATION 1. 33 0.99 2.81 5.25 6.05 4.20 

4.25 l. 69 l. 32 0.82 2.48 2.84 

RUNOFF 0.565 0.476 2.203 3.687 2.502 1.234 
1.205 0.267 0.118 0.061 0.489 l.130 

EVAPOTRANSPIRATION 0.504 0. 428 0.415 1. 761 4.406 4.966 
2.732 1. 458 1. 341 0. 864 0.552 0.454 

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.0000 0.0318 1.5357 0.0144 
LAYER 3 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES) 

AVERAGE DAILY HEAD ON 
TOP OF LAYER 3 

STD. DEVIATION OF DAILY 
HEAD ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.001 
0.000 

0.012 
0.000 

0.011 
0.000 

0.000 
0.000 

0.001 
0.000 

**************************************************w**************************** 

ANNUAL TOTALS E"OR YEAR 3 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

~./LEAKAGE THROUGH LAYER 

. HEAD ON TOP OF LAYER 3 

CHANGE IN WATER STORAGE 

SOIL Wi\Tc:R AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

INCHES 

31. 03 

i3. 938 

19.881 

1.:82:i.92 

0.!)010 

-1.37] 

112.348 

109.839 

a.coo 

1.138 

0.0000 

CU. FEET 

123528.898 

50593. ·795 

72168 .164 

5~·43.3L9 

-·4976.336 

407823.156 

398715.656 

0.000 

4131.177 

-0.037 

PERCENT 

100.00 

40.96 

58. 4 2 

4.65 

-4.03 

C.00 

3.34 

0.00 

******************************************************************************* 

************************************************~****************************** 

MONTHLY TOTALS (IN INCHES) FOR YEAR 
-------------------------------------------------------------------------------

JAN/JUL FEB/AUG MAR/SEP APR/OCT 

PRECIPITATION 2.37 0.99 l. 82 3.35 
3.18 3.15 0.64 0.97 

RUNOFF 2.855 0.065 0. 793 2.177 
0. 723 0. 4 61 0.000 0.000 

EVAPOTRANSPIRATION 0.525 0.382 0.396 l. 025 
2. 456 1. 919 l. 347 0.619 

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.0000 0.0000 

( -R 3 0.0002 0.0001 0.0001 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES) 

AVERAGE DAILY HEAD ON 
TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

MAY/NOV 

2.82 
2.28 

0. 455 
0.754 

3.366 
0.342 

0.0403 
0.0000 

0.000 
0.000 

JUN/DEC 

2.27 
4.39 

0.421 
3.185 

3.888 
0.453 

0.0000 
0.0000 

0.000 
0.000 



STD. DEVIATION OF DAILY 
HEAD ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.001 
0.000 

0.000 
0.000 

?~**************************************************************************** 

ANNUAL TOTALS FOR YEAR 
---------------------------------------------------------------------------

INCHES cu. FEET PERCENT 
-------- ----------

PRECIPITATION 28.23 102474.930 100.00 

RUNOFF 11. 888 43154.859 42.11 

EVAPOTRANSPIRATION 16. 718 60686.070 59.22 

PERC./LEAKAGE THROUGH LAYER 3 0.040610 147.416 0.14 

AVG. HEAD ON TOP OF LAYER 3 0.0000 

CHANGE IN WATER STORAGE -o. 4 23 -1534.255 -1.50 

SOIL WATER AT START OF YEAR 109.839 398715. 656 

SOIL WATER AT END OF YEAR 110. 227 400123.031 

SNOW WATER AT START OF YEAR 1.138 4131.177 4.03 

SNOW WATER AT END OF YEAR 0.328 1189.533 1.16 

ANNUAL WATER BUDGET BALANCE 0.0057 20.843 0.02 

MONTHLY TOTALS (IN INCHES) FOR YEAR 5 
-------------------------------------------------------------------------------

JAN/JUL FEB/AUG. MAR/SEP APR/OCT MAY/NOV JUN/DEC 

( :TATION 0.92 2.33 o. 71 4.oO 4. 27 4. ~4 
2.66 2.38 2.00 1. 57 1. 52 2.78 

RUNOFF 0.280 1. 725 0.168 3.221 0. 751 1. 355 
1.393 0.333 0.508 0.057 0.130 1.021 

EVAPOTRANSPIRF-.'TTON 0. 402 0.335 0.313 0.889 3.478 5.502 
1. 704 1. 297 2 .177 0. 726 0. 409 0.346 

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.0000 0.0000 0.4711 0.0941 
LAYSR 3 0.0000 0.0000 0.0001 0.0000 0.0000 O.JOOO 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES) 

AVERAGE DAILY HEAD ON 
TOP OF LAYER 3 

STD. DEVIATION OF DAILY 
HEAD ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.004 
0.000 

0.003 
0.000 

0.001 
0.000 

0.002 
0.000 

******************************************************************************* 

******************************************************************************* 

ANNUAL TOTALS FOR YE.JIB 5 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

C 
./LEAKAGE THROUGH LAYER 3 

. HEAD ON TOP OF LAYER 3 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

INCHES 

29.98 

10.941 

17.578 

0.565229 

0.0004 

0.896 

110.227 

111.450 

0.328 

CU. FEET 

108827.430 

39716 .137 

63808.324 

2051.781 

3251.202 

400123.031 

404563.781 

1189. 533 

PERCENT 

100.00 

36. 4 9 

58.63 

1. 89 

2.99 

1.09 



SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

r 

0.000 

0.0000 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 

0.000 

-0.019 

1 THROUGH 5 

0.00 

0.00 

JAN/,JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

( 

PRECIPITATION 

TOTALS 

STD. DEVIATIONS 

RUNOFF 

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD. DEVIATIONS 

1. 78 
2.70 

0.64 
1. 31 

0.965 
o. 747 

1.135 
0.569 

0 458 
2.016 

0.056 
0.858 

1. 64 
3.30 

0.65 
1. 70 

1.025 
1.131 

0.770 
1.200 

0.410 
1.806 

0.074 
0.504 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

TOTALS 

STD. DEVIATIONS 

0.0000 
0.0001 

0.0()00 
0.0001 

0.0000 
0.0001 

0.0000 
0.0001 

2.39 
1. 70 

1.28 
0.93 

1. 934 
0.285 

1. 733 
0.355 

0.447 
1.675 

0.140 
0.360 

0.0000 
0.0000 

0.0000 
0.0000 

4.10 
0.95 

1.20 
0.37 

2.296 
0.036 

1.197 
0.033 

1.691 
0.819 

0.720 
0.160 

0.3562 
0.0000 

0.4743 
0.0000 

3. 71 
2.88 

1.61 
1.23 

0. 971 
0.650 

0.916 
0.379 

3 .272 
0.541 

0.845 
0.168 

0.6827 
0.0000 

0. 6152 
o.cooo 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ON TOP OF LAYER 3 

AVERAGES 

STD. DEVIATIONS 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0035 
0.0000 

0.0046 
0.0000 

0.0057 
0.0000 

0.0048 
0.0000 

4.04 
3.17 

1.04 
0. 94 

1.092 
1.552 

0.806 
1.082 

5.094 
0.395 

0. 736 
0.087 

0.0413 
0.0000 

0.04~1 
0.0000 

0.0005 
0.0000 

0.0004 
0.0000 

******************************************************************************* 

******************************************************************************* 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 

INCHES cu. FEET PERCENT 
------------- ---------

PRECIPITATION 32.34 3.821) 117387.0 100.00 

RUNOFF 12.685 2.3091) 46044.80 39.225 

EVAPOTRANSPIRATION 18.624 1.3940) 67606.77 57.593 

PERCOLATION/LEAKAGE THROUGH 1. 08037 0.78695) 3921. 730 3.34086 
LAYER 3 

AVERAGE HEAD ON TOP 0.001 ( 0.001) 
OF LAYER 3 

CHANGE IN WATER STORAGE -0.054 0.8884) -195.80 -0.167 

******************************************************************************* 

( 

7 

) 



PEAK DAILY VALUES FOR YEARS 

PRECIPITATION 

~ RUNOFF 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

AVERAGE HEAD ON TOP OF LAYER 3 

SNOW WATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL/VOL) 

1 THROUGH 

(INCHES) 

2.56 

3.169 

0.115699 

0.029 

3.10 

5 

(CU. FT.) 

9292.800 

11503.2656 

419.98883 

11265.5547 

0. 4 631 

0.2650 

*************************************************************************•**** 

r 



FINAL WATER STORAGE AT END OF YEAR 5 

LAYER (INCHES) (VOL/VOL) 
-------- ---------

l 9.6061 0.4003 

'"'""' 2 73.5839 0.2920 

3 28.2600 0. 4710 

SNOW WATER 0.000 

****************************************************************************** 
****************************************************************************** 

r 

( 



r 
HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 

HELP MODEL VERSION 3.04 (13 MARCH 1995) 
DEVELOPED BY ENVIRONMENTAL LABORATORY 

USAE WATERWAYS EXPERIMENT STATION 
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

•***************************************************************************** 
****************************************************************************** 

PRECIPITATION DATA FILE: 
TEMPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOTRANSPIRATION DATA: 
SOIL AND DESIGN DATA FILE: 
OUTPUT DATA FILE: 

C:\HELP3\MCPREC.04 
C:\HELP3\MCTEMP.D7 
C:\HELP3\MCSOLR.D13 
c:\HELP3\MCEVAP.Dll 
C:\HELP3\MCSOIL.D10 
C:\HELP3\MCOUTP.OUT 

TIME: 15: 50 DATE: 4/5/2001 

TITLE: MACOMB COUNTY LANDFILL SITE 9A (PROPOSED DESIGN) 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

( 

( 

LAYER 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 0 

T:L:Ci<,'IE.3S 
P-)P.(.lS 1 ":.l 
FIELD l'.Al?'.CITY 
WI!..T~ NG p,-:,-rnT 
i.NI:'lAL SCIL WATER CONTENT 
EEECTIVE SAT. HYD. COND. 

24. 00 L'1CHE2 
0.475G W)TJVOL 
(). 3'/80 VOL/VO!, 
0.2650 VOL/VOL 
0.2954 VOL/VOL 

0.99999999~000E-06 

LAYER 2 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 18 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYO. COND. 

252. 00 INCHES 
U. 6710 VOL/VOL 
0. 2-920 VOL/VOL 
0 . en, 0 VOL/VOL 
0.2920 VOL/VOL 

0.100000005000E-02 

LAYER 3 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 12 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYD. COND. 

60. 00 INCHES 
0. 4 710 VOL/VOL 
0.3420 VOL/VOL 
0.2100 VOL/VOL 
0.4710 VOL/VOL 

0.419999997000E-04 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED. 

SCS RUNOFF CURVE NUMBER 

CM/SEC 

CM/SEC 

CM/SEC 

FRACTION OF AREA ALLOWING RUNOFF 
ARE.A PROJECTED ON HORIZONTAL PLANE 
EVAP08ATIVE ZONE DEPTH 
INITIAL WATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 

79.00 
100.0 

1.000 
24.0 

7.089 
11. 400 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 



( 

LOWER LIMIT OF EVAPORATIVE STORAGE -
INITIAL SNOW WATER 

6.360 
0.000 

108.933 
108.933 

0.00 

INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

INITIAL WATER IN LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
DETROIT MICHIGAN 

STATION LATITUDE 42.40 DEGREES 
MAXIMUM LEAF AREA INDEX 3.50 
START OF GROWING SEASON (JULIAN DATE) 121 
END OF GROWING SEASON (JULIAN DATE) 286 
EVAPORATIVE ZONE DEPTH 24.0 lNCHES 
AVERAGE ANNUAL WIND SPEED 10.20 MPH 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 73.00 % 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 67.00 % 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 71.00 % 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 75.00 % 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DETROIT MICHIGJ1.N 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

l. 86 1. 69 L.54 3.15 2.77 3.43 
3.10 J.2l 2.25 2.12 2.33 2.52 

NOTE: TEMf-ERA'lTRE DATA WAS SYNTHETICALLY GENERATED DSING 
<::iEF!:ICIENTS FOJ:<. DETROIT MICHIGAN 

,•:CRMA:... MC:.?-~"- MO:~TH': .. Y TEMPERATURE ( DEGREES FAHRENHEIT) 

JAN/JUL FEB/i,tJG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

23.4C 25.80 15.00 47 .40 58.10 67.70 
71. 90 70.::J 63.30 51. 90 19.50 28.50 

NOTE: 30:..'ill RAJ: IA':I::,N DATA WAS SYNTHETICALLY GENEPA'IED USING 
COEFFICIENTS FOR DETROIT MICHI:;AN 

AND .:5'i'ATION LATITUDE 4 2. 4 0 DEGREE.3 

MONTHLY TOTALS (IN INCHES) FOR YEAR l 

-------------------·------------------------------------------------------------
JAN/JUL FEB/AUG MAR/SEP APR/OCT 

PRECIPITATION 1. 91 1. 64 2.40 2.37 
2.78 3 .11 3.12 0.61 

RUNOFF 1.508 1. 278 2.013 1. 581 
1.577 2.309 2.109 0.291 

EVAPOTRFJISPIRATION 0.375 0.337 0.376 1. 4 94 
1. 262 0.810 1.070 0.393 

PERCOLATION/LE..Z\KAGE THROUGH 0.0000 0.0000 0.0000 0.0000 
LAYER 3 0.0001 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES) 

AVERAGE DAILY HEAD ON 
TOP OF LAYER 3 

( rEVIATION OF DAILY 
) ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

ANNUAL TOTALS FOR YEAR 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

o.ooc 
0.000 

MAY/NOV 

i. 18 
3.38 

0.993 
2 .373 

0.832 
0.523 

0.0000 
0.0000 

0.000 
0.000 

0.000 
0.000 

JUN/DEC 

4. 4 9 
3. 84 , 

2.649 
3.307 

1.677 
0.269 

0.0001 
0.0000 

0.000 
0.000 

0.000 
0.000 



INCHES cu. FEET PERCENT 
-------- ----------

PRECIPITATION 31. 43 114090.922 100.00 

RUNOFF 21. 987 79814.562 69.96 

EVAPOTRANSPIRATION 9. 419 34190.781 29.97 

( ~C./LEAK.~GE THROUGH LAYER 3 0.000333 1.207 0.00 

.~. HEAD ON TOP OF LAYEF 3 0.0000 

CHANGE IN WATER STORAGE 0.023 84.358 0.07 

SOIL WATER AT START OF YEAR 108.933 395425. 719 

SOIL WATER AT END OF YEAR 108.956 395510.094 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 

SNOW WATER AT ENC OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 0.015 0.00 

******************•*****************~****************************************** 

MONTHLY TOTALS (IN ~NCHES) FOR YEAR 2 

-JAN/JUL FEB/AUG MAR/SEP APR/CCT MAYiNOV JUN/DEC 

PREC'IPITA7 ICJE 2.35 2.26 4.20 4. 91 3.51 ~. 99 
0.65 6.15 1.40 0. 76 4. 72 2.02 

RUNOFF 0.000 2.163 5.130 3.391 2.323 3,733 
0.287 4.745 0. 687 0. 432 J.583 1.207 

EVA.PO'l'RA.i."lS PI RATION 0. 44 9 0.529 0.524 1. 937 1. 435 1. 401 
0.374 1.424 0.598 0.456 0.622 0. 452 

PERCOf..AEGN/LEAl--CAGS THF.OUGB 0.0000 0.0000 0.0000 0.0001 0.0001 }.0001 

( ·rn 3 0.CGOv 0.0002 0.0000 0.0000 O.JOGO 0.0000 

MC:HTHLi · SJHJ'1;\RIES FOR DAILY HEADS !INCHES) 

AVERAGE D.'HLI _!1!?.AD O~l 
TOP OF i..AYER 3 

ST;). tJEVI:•.TION OE SAIL'; 
HEAD ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

ANNUAL TOTALS FOR YEAR 2 

PRECI l?ITATION 

RUNOFF 

EVAPOTRANSPIRATION 

PERC./LEAKAGE THROUGH LAYER 3 

AVG. HEAD ON TOP OF LAYER 3 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

( WATER AT END OF YEAR 

··-•::--iU.AL WATER BUCGET BALANCE 

INCHES 

38 . .02 

27,786 

10.202 

0.000486 

0.0000 

0.024 

108.956 

108.980 

0.000 

0.000 

0.0073 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

CU. FEET 

138012.609 

100861. 992 

37033.496 

1. 763 

88.845 

395510.094 

395598.937 

0.000 

0.000 

26.503 

0.000 
C.000 

0.000 
0.000 

PERCENT 

100.00 

'.'3.08 

26.83 

0.00 

0.06 

0.00 

0.00 

0. 02 

******************************************************************************* 



MONTHLY TOTALS (IN INCHES) FOR YEAR 3 
-------------------------------------------------------------------------------

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

r ?ITATION 1. 33 0.99 2.81 5.25 6.05 4.20 
4.25 1.69 1.32 0.82 2.48 2.84 

RUNOFF 0.830 0.554 2.370 4.422 4.419 2.817 
2 .. 768 0.938 0. 732 0.351 1.633 1.236 

EVAPOTRANSPIRATION 0.500 0. 436 0.440 1.214 1. 993 1. 283 
1. 4 67 0.727 0.645 0. 486 0.486 0.443 

PERCOLATION/LEAKAGE THROUGH 0.0001) 0.0000 0.0000 0.0000 0.0001 0.0000 
LAYER 3 0.0001 0.0001 0.0000 0.0000 0.0000 0.0000 

MONTijLY SUMMARIES FOR DAILY HEJi.OS (INCHES) 

AVERAGE DAILY HEAD ON 
TOP OF LAYER 3 

STD. DEVIATION OF DAILY 
HEAD ON TOP OF L.~YE~ J 

0.01)0 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
o.ooc 

0.000 
0.000 

,lliNUAL TOTALS FOR l'EAR 3 

PREC:::PITA'l'ICH 

RUNOFF 

EVAPOTRANSPIRATION 

( ~. I LEAKAGE THROUG:I i.J-. .:ER 

.. ~EAD 0N TOP r,F LAYE.R 

CHANGE :iH WATER STORAGE 

SOIL WATER AT STAR'!' ·Ji:' YEAR 

SOIL WATER AT END OF YE.AR 

SNOW WATER AT S'.!'ART OF YZAR 

SNOW WATER A.T Ei-lD OF YSF-q 

ANNUAL WATER BUDGET B.'\LANCE 

INCnE.S 

34. 03 

23.071 

10.1.22 

O.C.00366 

0.00U'; 

0.837 

108.980 

108. 679 

OJ.IJO 

1.138 

0.0000 

0.000 
0.000 

0.000 
0.000 

cu. FEET 

0.000 
0.000 

0.000 
0.000 

----------
:J.23528.898 

83748.750 

36741.992 

1.329 

3036.793 

39~-5~8. 937 

394504.562 

0.000 

4131.177 

0.028 

0.000 
0.000 

0.000 
0.000 

PERCENT 

100.00 

67.30 

29. 74 

0.00 

2. 46 

0.00 

3.34 

0.00 

**********************************~*********~********************************** 

MONTHLY TOTALS (IN INCHES) FOR YEAR 
-------------------------------------------------------------------------------

JAN/JUL FEB/AUG MAR/SEP APR/OCT 

PRECIPITATION 2.3, 0.99 1. 82 3.35 
3.18 3.15 0. 64 0.97 

RUNOFF 2.946 0.488 1. 455 2.884 
1.778 2.020 0.045 0.394 

EVAPOTRANSPIRATION 0.519 0.375 0.389 0.746 
1.377 1.185 0. 4 98 0. 4 69 

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.0000 0.0000 

( R 3 0.0001 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES) 

AVERAGE DAILY HEAD ON 
TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

MAY/NOV 

2.82 
2.28 

1.692 
1. 690 

1. 367 
0. 416 

0.0001 
0.0000 

0.000 
0.000 

JUN/DEC 

2.27 
4.39 

1. 285 
3.434 

1.050 
0.441 

0.0002 
0.0000 

0.000 
0.000 



STD. DEVIATION OF DAILY 
HEAD ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

ANNUAL TOTALS FOR YEAR 4 

PRE CI PI TAT ION 

RUNOFF 

EVl,POTRANS PI RATION 

PERC./LEAKAGE THROUGH LAYER 3 

AVG. HEAD ON TOP OF LAYER 3 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW W}\TER AT START OF YE.AF 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

MONTHL"l TOTA.LS <m 

INCHES 

28.23 

20 .113 

8.832 

0.000427 

0.0000 

-0. 721 

108.679 

108.768 

1.138" 

0.J28 

0.0057 

i:NCHE.Sl FOR YEAR 

0.000 
0.000 

0.000 
0.000 

CU. FEET 

102474.930 

73010.602 

32060.332 

l. 54 9 

-2618.392 

394504.562 

394827.812 

4131.177 

1189.533 

20.842 

5 

0.000 
0.000 

PERCENT 

100.00 

71.25 

31.29 

0.00 

-2 .56 

4.03 

1.16 

0.02 

------------------------------------------------------··------------------------
JA.N/JUL FEB/AUG MAR/SEP APR/GCT :1AY/NOV JUN/DEC 

r :'.TAT:0N 0. 92 2.33 0.71 4.60 4.2: ·l. 24 
1.136 2.38 2.C0 1. -5·; 1.52 2. ?8 

iU.i:·lOFF 0. :360 1. 981 C.344 3. 95,, 2.445 2.857 
1,95, l.321 l. 128 0 92'l 0. 1361 2.077 

&;•;·.APO ]'RA.N'S P ! RAT ION 0 .3!:lt:l 0.332 0.297 0. 772 2. J.55 1. 405 
0.870 0.905 0.898 J. :-:i.9 0. 472 0.398 

1?ERC01.ATION/LEAKAGE THROUGH 0.0000 0.0000 C. '.)000 0. :JOOO O.DGOO O.OOCl 
7..J,.t!:'.R 3 O.OCOl 0.00')1 o.ooco 0.0000 o.ocoo 0.0000 

MONTHLY SUMMF~IES FOR DA~LY HEADS (lNCHES} 

AVERAGE DAILY HEAD ON 
TOP OF LAYER 3 

STD. DEVIATION OF DAILY 
HEAD ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

ANNUAL TOTALS FOR YEAR 5 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

( ./LEAKAGE THROUGH LAYER 3 

HEAD ON TOP OF LAYEF 3 

CHA.NGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

INCHES 

29.98 

20.708 

9.413 

O.C00390 

0.0000 

-0.141 

108.768 

108.955 

0.328 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

CU. F'EET 

108827.430 

75170.750 

34167.527 

1. 41 7 

-512.342 

394827.812 

395505.000 

1189. 533 

0.000 
0.000 

o. ooo' 
0.000 

PERCENT 

100.00 

69.07 

31. 40 

c.oo 

-0. 4 7 

1.09 



SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

0.000 

0.0000 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 

JAN/JUL FEB/AUG MAR/SEP 

PRECI Pr TAT ION 
-------------

TOTALS 1. 78 1. 64 2.39 
2.70 3.30 1. 70 

STD. DEVIATIONS 0.64 0.65 J.. 28 
1.31 1. 70 0.93 

RUNOFF 

TOTALS 1.229 1.293 Z .2'62 
1. 673 2.267 0.940 

STD. DE'vIATICNS 1. 099 0. 778 1.777 
0 .897 1. 488 C.760 

EVAPOTRANSFZ!' .. .'4::rm! 
------------------

TOTJu..S 0. 446 0.402 C. 405 
1.070 1.010 C'.-:'42 

STU. :J:.~'J"IATIONS 0 .065 0.082 C.C84 
0. 451 0.288 C -,-,.:. 

FSP.COLAT:uN/Li.r.KAGE THR:-JUGH LAYER 3 
------------------------------------

'ft)';'.Al.S 0.0000 0.0000 c.ooco 
0.0001 0.0001 0. •JOOO 

STD. DS!!A'.'.IONS 0.0000 0.0000 0.0000 

r 0.0000 0.0001 e,. '.)QC:) 

0.000 

0.068 

1 THROUGH 

APR/OCT MAY/NOV 

4.10 3. 71 
0.95 2.88 

1.20 1. 61 
0.37 1. 23 

3.246 2.375 
0.478 2.028 

1.096 1. 280 
0.254 1.021 

:;_,233 1. ss 7 

0.465 :; . 504 

0.503 C.530 
()..046 0.C.76 

0.0000 0.0001 
o.oooc O.OGOO 

0.0000 'J.000] 
o.oooc o.ooon 

0.00 

0.00 

,TUN/DEC 

4.04 
3. J.7 

1.04 
0.94 

2.668 
2.272 

0.881 
1.056 

:..363 
r: . ..:0::. 

o.~2-: 
0. 07'1 

0. 000::. 
0.0000 

0.0000 
0 .C·OUO 

.. -·· --- ----- ------·-- -··--------- ----------- -- ----- ------- ---·-------------·- --- ---· 
A\'SH.AG.:.S OF. MONTHLY AVERAGED DAILY i-!El\DS { INC:HESi 

-----------·--··-------------------------------------------------------------·--

DAIL'.: AVERJ.:..G2 r:SAD 0N TOP OF LAYER 3 
-------------------------------------

!WERAGE3 0.0000 0.0000 C.0000 0.00(.10 0.0000 u.ncoo 
/). 0000 0.0000 r,. OCOO 0.0000 G.000C 0.C'OOO 

STD. DEVIArIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

***~*************************************************************************** 

AVERAGE ANNUAL TOTALS & {STD. DEVIATIONS) FOR YEARS 1 THROUGH 

. l?RECI!?ITATION 

RUNOFF 

EVAPOTRANSPIRATION 

PERCOLATIGNiLEAKAGE THROUGH 
LAYER 3 

AVERAGE HEAD ON TOP 
OF LAYER 3 

CP.ANGE IN WATER STORAGE 

( 

INCHES 

32.34 

22.733 

9.597 

0.00040 

0.000 { 

0.004 

3.821) 

3.0481) 

0.5684) 

0. 00006) 

0.000) 

0.5570) 

CU. FEET 

117387.0 

82521. 34 

34838.83 

1. 453 

15.85 

PERCENT 

100.10 

70.Z9Q 

2 9. 673 

0.00124 

0.014 



~. 

( 

( 

PEAK DAILY VALUES FOR YEARS 

PRECIPITATION 

Rt.'NOFF 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

AVERAGE HE.AD ON TOP OF LAYER 3 

SNOW WATER 

MAXIMUM .IEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL/VOL) 

1 THROUGH 

(INCHES) 

2.56 

3.198 

0.000146 

0.000 

3.10 

5 

(CU. FT.) 

9292 .800 

11609.4238 

0.53169 

11265 .5547 

0.2994 

0.2650 



FINAL WATER STORAGE AT END OF YEAR 5 

LAYER (INCHES) (VOL/VOL) 
-------- ---------

l 7 .1106 0.2963 

( 2 73.5839 0.2920 

1 28.2600 0.4710 

SNOW WATER 0.000 

********~*~"*********'*************************************************~******* 
************************w********************************************r***•**** 

( 

( 



·············································································· ···········································••*******************•************* 

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3.04 (13 MARCH 1995) 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 

** 
** 
** 

***************************************•************************************** 
****************************************************************************** 

PRECIPITATION DATA FILE: C:\HELP3\MCPREC.D4 
C:\HELP3\MCTEMP.D7 
C:\HELP3\MCSOLR.D13 
c:\HELP3\MCEVAP.Dll 
C:\HELP3\MCSOIL.D10 
C:\HELP3\MCOUTP.OUT 

TEMPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 
EVAPOTRANSPIRATION DATA: 
SOIL AND DESIGN DATA FILE: 
OUTPUT DATA FILE: 

TIME: 

( 

8:43 DATE: 4/ 6/2001 

TITLE: MACOMB COUNTY LANDFILL SITE 9 (PRO?OSED DESIGN) 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

LAYER 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXT'JF.E NUMBER 0 

THICKNF.S$ 
POROSITY 
:n:zu:: CAPACITY 
WILTING POINT 
INITIAL SOI:.., WATER CONTENT 
.S F?EC'.:'IVE SAT. HYO. COND. 

24. 00 INC::HES 
0.4750 VOL/VOL 
::l.3780 VOL/VOL 
0.2650 VOL/VOL 
0.2954 V0L/VOL 

0.999999997000E-06 

LAYER 2 

TYPE 1 - VERTIC.l\L PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 18 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYO. COND. 

144.00 INCHES 
0. 6710 VOL/VOL 
0.2-9-20 VOL/VOL 
0 . (IT? 0 VOL/VOL 
0.2920 VOL/VOL 

0.100000005000E-02 

LAYER 3 

TYPE 3 - BARRIER 
MATERIAL TEXTURE 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

SOIL LINER 
NUMBER 12 

60. 00 INCHES 
0.4710 VOL/VOL 
0.3420 VOL/VOL 
0.2100 VOL/VOL 
0. 4 710 VOL/VOL 

CM/SEC 

CM/SEC 

INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYO. COND. 0.419999997000E-04 CM/SEC 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS USER-SPECIFIED. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL WATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 

79.00 
100.0 

1.000 
24.0 

7.089 
11. 400 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 



r 

LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW WATER 

6.360 
0.000 

77.397 
77.397 
0.00 

INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

INITIAL WATER IN LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
DETROIT MICHIGAN 

STATION LATITUDE 
MAXIMUM LEAF AREA INDEX 
START. OF GROWING SEASON (JULIAN DATE) 
END 0F GROWING SEASON (JULIAN DATE) 
EVAPORATIVE ZONE DEPTH 
AVERAGE ANNUAL WINO SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

42.40 
3.50 

121 
286 

24.0 
10.20 
73.00 
67.00 
71.00 
75.00 

DEGREES 

INCHES 
MPH 
% 
% 
% 
% 

!:-lOTE: E'::1.ECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR DETROIT MICHIGAN 

NORMJl_:~ MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

l. 8 6 1. 69 2.54 3.15 '?..77 3.43 
3 . . ~C L.21 2.25 2.12 2.33 2.52 

:'1C1TE: TI::Mi?EJ'U!.TURE DAT}\ WAS SYNTHETICALLY GENERATED USING 

JAH/,TT]:., 

23. 40 
71. 9() 

::os?FICIEN'l'S FOR DETROIT MICHIGAN 

:'1O:1~'.\L ~EAN MONTH!,Y TEMPERATURE ( DEGREES FAHRENHEIT) 

25.80 
70.5C 

t-1AR/SEP 

35.00 
63.30 

APR/OCT 

47.40 
51. 90 

MAY/NOV 

58.10 
39.50 

JUN/;JE:C 

67. 70 
28.50 

NC'li::: :'.81-l\.;°.( RADIA'r ION DATA WAS SYNTHETI,ALL Y GENE.RF TED JJSING 
:oE:Fc"IC'IEN1'S FOR DETROIT r-'.!1 :HISAi~ 

P-llC S?AT IOt'. LATITUDE 4 2 . 4:) DEGREES 

MONTHLY TOTALS {IN INCHES) FOR YEAR 1 
-------------------------------------------------------------------------------

JAN/JUL FEB/AUG MAR/SEP APR/OCT 

PRECIPITATION 1. 91 1. 64 2.40 2.37 
2.78 3 .11 3.12 0.61 

RUNOFF 1. 508 1. 278 2.013 1. 581 
1. 577 2.309 2.109 0. 291 

EVAPOTRANSPIRATION 0.375 0.337 0.376 1. 4 94 
1. 262 0.810 1. 070 0. 393 

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.0000 0.0000 
LAYER 3 0.0001 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS {INCHES) 

AVERAGE DAILY HEAD ON 
TOP OF LAYER 3 

sy- '>SVIATION OF DAILY 
~ ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

ANNUAL TOTALS FOR YEAR 1 

0.000 
0.000 

0.000 
0.000 

MAY/NOV 

1. 78 
3.38 

0.993 
2.373 

0.832 
0.523 

0.0000 
0.0000 

0.000 
0.000 

0.000 
0.000 

,JTJN/DEC 

4.49 
3.84 

2. 64 9 
3.307 

1. 677 
0.269 

0.0001 
0.0000 

0.000 
0.000 

0.000 
0.000 



INCHES cu. FEET PERCENT 
-------- ----------

PRECIPITATION 31.43 114090. 922 100.00 

RUNOFF 21. 987 79814.562 69.96 

EVAPOTRANSPIRATION 9. 419 34190.781 29.97 

~C./LEAKAGE THROUGH LAYER 3 0.000333 1.207 o.oo 

G. HEAD ON TOP OF LAYER 3 0.0000 

CHANGE IN WATER STORAGE 0.023 84.358 0.07 

SOIL WATER AT START OF YEAR 77 .397 280950.062 

SOIL WATER AT END OF YEAR 77. 420 281034.437 

SNOW WATER AT START OF YEAR 0.000 0.000 o.oo 

SNOW WATER AT END OF YEAR 0.000 0.000 0.00 

ANNUAL WATER BUDGET BALANCE 0.0000 0.015 o.oo 
*******W***kw******•*******k****~********************************************** 

MONTHLY :'OTALS ( IN INCHES) FOR YEAR 2 

JAN/,JUL 1:'EE/AlTG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRE CI PITA'Z'IO~• 2.35 2.26 4.20 4.91 3.61 4.99 
o. 6.5 6.lS l. 40 0.76 4. 72 2.02 

RU~CF.: 0.000 2 .163 5.130 3.391 2.328 3.733 
C.287 '1.74S 0.687 0.432 3. :'83 l.307 

EVAPOT1'.ANS P IF2\'!.' IOI\ 0. 44 9 0.52'.3 0.524 1. 937 1.435 1. 401 
C.374 1.424 0.598 0. 456 0.622 o.~52 

PF~CO)..A'.i:'Ii)~~/LEJ-,KAGE TJ.!RC'UGH 0.0000 ~J 0000 0.0000 0.0001 0.0001 0.0001 
.,r,. ry,·~ C'.0000 ::.0002 0.0000 0.0000 0.0000 c,. ('000 

,-ION'i'HLY':suMMARIES FOF. DAlLY !'£ADS (INCHES) 

AVERAGE DA.CI .. i HEJw ON C.000 C.000 0.000 0.000 0.000 0.000 
TOP OF LAYER 3 G.000 0.000 0.000 0.000 o.coo 0.000 

.S.T:J. DF;VI;..7ION ..:·F QAILl'.. C,.000 c.ooc 0.000 0.000 0.000 0.000 
HE.hD ON !'OP Of' LAYER 3 0.000 0.000 0.000 0.000 0.000 0.00( 

ANNUAL TOTALS FOR YEAR 2 
--------------------------------------------------------------------------------

INCHES cu. FEET PERCENT' 
-------- ----------

PRECIPITATION 38.02 138012. 609 100.00 

RUNOFF 27.786 100861.992 73.08 

EVAPOTRANSPIRATION 10.202 37033.496 26. 83 

PERC./LEAKAGE THROUGH LAYER 3 0.000486 1. 7 63 0,()0 

AVG. HEAD ON TOP OF LAYER 3 0.0000 

CHANGE IN WATER STORAGE 0.024 88.817 0.06 

SOIL WATER AT START OF YEAR 77.420 281034.437 

SOIL WATER AT END OF YEAR 77.444 281123. 250 

SNOW WATER AT START OF YEAR 0.000 0.000 0.00 r- WATER AT END OF YEAR a.coo 0.000 0.00 

,.._ .. NUAL WATER BUDGET BALANCE 0.0073 26.531 0.02 

******************************************************************************* 



MONTHLY TOTALS (IN INCHES) FOR YEAR 3 
-------------------------------------------------------------------------------

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

r' 
PITATION 1.33 0.99 2.81 5.25 6.05 4.20 

4.25 1. 69 1. 32 0.82 2.48 2.84 

RUNOFF 0.830 0.554 2.370 4.422 4.419 2.817 
2.768 0.938 0.732 0.351 1.633 1. 236 

EVAPOTRANSPIRATION 0.500 0. 436 0. 440 1.214 1. 993 1.283 
1. 4 67 0. 727 0.645 0. 486 C. 486 0.443 

PERCOLATION/LEAKAGS THROUGH 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 
LAYER 3 C,.0001 0.0001 0.0000 0.0000 0.0000 o.oooc 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES) 

AVERAGE DAILY HE.AD ON 
TOP OF LAYER 3 

STD. DEVIATION OF DAILY 
HEAD ON TOP or l.AYEi< 3 

0.000 
0.000 

0.000 
0.000 

O.GOO 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

ANNliAL TOTAI-S li'OR YE.AR :.J 

PRECI PI'i'ATivN 

RUNOFF 

EVAPOTRANS PI R.0 •r I 0~ 

r "'C:. /LEA.KA::,2 '!'Hi{C!J'..:l-! L1'.iSR 

' . HCAD ON ":OP C!:- LA.YER. ::; 

CHANGE IN WAT:SR STOF.AGE 

SC•IL WATE?. A.T START C-r· fD\.R 

SOIL WATER AT END OF YEJ..R 

SNOW WATEP AT ST.:;f. :' OF ·• SAR 

SNOW WATER A'J' SNi) OF ·cc.AR 

ANNUAL WATER BUDGET BALANCE 

MONTHLY TOTALS (IN 

INCHES 

34.03 

23.071 

10.1~2 

·~. 83'7 

77 .4-H 

77.143 

l~. OOC 

1.138 

0.0000 

INCHES) FOR YEAR 

0.000 
0.000 

0.000 
0.000 

C'U. FEET 

0.000 
0.000 

0.000 
:i.000 

----------
123528.898 

83748.75:) 

36741.992 

l. 329 

3!Efi.6?.l 

:!81123.250 

280028. s·,s 

C,.000 

41.31.177 

0.001 

0.000 
0.000 

0.000 
0.000 

PERCENT 

100.00 

67.80 

29. 74 

C.00 

2.46 

0.00 

3.34 

0.00 

-----------------------------------------------------------·--------------------
J.7\N/ JUL FEB/AUG MAR/SEP APR/OCT 

PRECIPITATION 2.37 0.99 1.82 3.35 
3.18 3.15 0. 64 0.97 

RUNOFF 2. 94 6 0.488 1. 455 2.884 
1.778 2.020 0.045 0.394 

EVAPOTRANSPIRATION 0.519 0.375 0.389 0.746 
1. 37 7 1.185 0. 498 0. 4 69 

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.0000 0.0000 

( ·c-R 3 0.0001 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES) 

AVERAGE DAILY HEAD ON 
TOP or LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

MAY/NOV 

2.82 
2.28 

1. 692 
1. 690 

1. 367 
0.416 

0.0001 
0.0000 

0.000 
0.000 

JUN/DEC 

2.27 
4.39 

1.285 
3.434 

1.050 
0.441 

0.0002 
0.0000 

0.000 
0.000 



STD. DEVIATION OF DAILY 
HEAD ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

ANNUAL TOTALS FOR YEAR 

INCHES 

28.23 

20 .113 

8.832 

PERC./LEAKAGE THROUGH LAYER 3 

AVG. HEAD ON TOP OF LAYER 3 

r.HANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

0.000427 

0.0000 

-0.721 

77.143 

77.232 

1.138 

0.328 

0.0057 

0.000 
0.000 

0.000 
0.000 

CU. FEET 

102474.930 

73010.602 

32060.332 

1. 54 Y 

-2618.392 

280020.875 

280352.125 

4131.177 

U.8~.533 

20.842 

0.000 
0.000 

PERCENT 

100.00 

71.25 

31. 29 

0.00 

-2.56 

4.03 

1.16 

0.02 

MONTHLY TCTALS { IN INC:iES) FOF. '!E.h.R 5 

JAN/JUL E'EBiAUG MAR/;3EP APR/OC1' MA'f/NOV JUN/DEC 

'I'!'ATIGN J.92 c.33 C. 7l 4. f.O 4 • ;,_·, 4.24 
2.66 2 .38 2.00 1.'.:17 1.5,: 2.78 

tWN0ff 0.860 1. 981. 0.344 3.054 ~. -'t.4::, 2.85i 
1. 957 1.321 l.128 0.;)24 :1. ·3ol 2.077 

EVAFOTRANSPIRAT!ON 0.388 0.332 0 .297 c~ .. -:72 2 .. :.s:, 1. 405 
0,870 0.905 0.898 G.519 'J. 472 0 .398 

?ERCOLATION/LEAKAGE Tr..ROUGH 0.0000 0.0000 O.JDOO 0.0000 0.0000 0.0001 
LAER 3 0.0001 0.000~ 0.0')00 0. OC•QO 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES) 
----------------- ---- -- -- ' -- --------------------------------------

AVERAGE DAILY HEAD ON 
TOP OF LAYER 3 

STD. DEVIATION OF DAI~Y 
HEAD ON TOP OF LAYER 3 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

a.coo 
0.000 

0.000 
0.000 

0.000 
0.000 

0.000 
0.000 

o.ooc 
0.000 

0.000 
0.000 

0. '.)00 
0.000 

0.000 
0.000 

0.000 
0.000 

******************************************************************************* 

ANNUAL TOTALS FOR YEAR 5 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

( ~./LEAKAGE THROUGH LAYER 3 

~. HEAD ON TOP OF LAYER 3 

CHANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

SOIL WATER AT END OF YEAR 

SNOW WATER AT START OF YEAR 

INCHES 

29.98 

20.708 

9.413 

0.000390 

0.0000 

-0.141 

77.232 

77.419 

0.328 

CU. FEET 

108027.430 

75170.750 

34167.527 

1.417 

-512.342 

280352.125 

281029.344 

1189.533 

PERCENT 

100.00 

69.07 

31. 40 

0.00 

-0. 47 

1.09 



SNOW WATER AT END OF YEAR 

ANNUAL WATER BUDGET BALANCE 

0.000 

0.0000 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 

JAN/JUL FEB/AUG MAR/SEP 

PRECIPITATION 
---------·----

TOTALS 1. 78 1.64 2.39 
2.70 3.30 1. 70 

STD. DEVIATIONS 0.64 0. 65 1.28 
1. 31 1. 70 0.93 

RUNOfE' 

TOTALS 1.229 1. 293 2. 2·62 
1. 673 2 .267 0.940 

STD. DEVIATIONS 1.099 0.778 1. 777 
0.897 1. 488 0.7&0 

::VAPOTPJ'.NS PI ,U\ T;: ON 
------------------

TOTALS 0. 44 6 0. 402 0.4C5 
1.070 l.0lO 0.: 1:: 

STD. DEVIAT!ONS 0.065 0.082 C.084 
0.451 0.288 G.23: 

fSRCO~~TIJN/LEAK;;.GS THROUGH LAYER 3 
-----·-------------------·------------

TO'f.ALS 0.0000 0.0000 U.0000 
0.0001 0.0001 0.0000 

(_ST::>. Di:VtATIONS 0.0000 0.'.;000 o. oo·-00 
o.ocoo 0. coo:. C. 0QQ:') 

0.000 

0.068 

1 THROUGH 5 

APR/OCT MAY/NOV 

4.10 3.71 
0.95 2.88 

1. 20 1. 61 
0.37 1. 23 

3.246 2.37:, 
0.478 2.028 

1.096 1.280 
0.251 1.02:.. 

~.233 l.~J; 
o.~65 0.504 

G . .503 0.530 
0.045 0. 07 6 

0.0000 0.0001 
0.0000 0.0000 

;J.G000 0.0001 
0.0000 0.0000 

AVERAGES CF MONTHLY AVERl\GED I:'AIL"f 'iEl\03 (INCHES) 

:)AILY A•/S!<AGE EE.Ail ON TOP OF LAYER 3 
-------------------------------------

A•T.-:'.RJ,GES 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 C.0000 0.0000 0.0000 0.0000 

.3TD. DEVIATIONS 0.0000 0.0000 i.J .000Q 0.0000 0.0000 
0.0000 0.0000 ·). 0000 i).0000 0.000G 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS l THROUGH 

PRECIPITATIC-N 

RUNOFF 

EVAPOTRANSPIRATION 

PERCOLATION/LEAKAGE THROUGH 
LAYER 3 

AVERAGE HEAD ON TOP 
OF LAYER 3 

CHANGE IN WATER STORAGE 

INCHES 

32.34 

22.733 

9.597 

0.00040 

0.000 ( 

0.004 

3.821) 

3.0481) 

0.5684) 

0.00006) 

0.000) 

0.5570) 

CU. FEET 

117387.0 

82521.34 

34838.83 

1. 453 

15.85 

0.00 

0.00 

JUN/DEC 

4.04 
3.17 

1.04 
0.94 

2.668 
2.272 

0.881 
1.056 

1. 3G3 
0. -101 

0. ·22 7 
0 .071:i 

O.OC:01 
0.0000 

o.oooc 
J. 00')(1 

0.00,)i) 
0. 1)000 

0.0000 
0.0000 

5 

PERCENT 

100.00 

70.299 

29. 679 

0.00124 

0.0!4 

*******************************~*********************************************** 

( 



PEAK DAILY VALUES FOR YEARS 

PRECIPITATION 
,,r-e RUNOFF 

( 

( 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

AVERAGE HEAD ON TOP OF LAYER 3 

SNOW WATER 

HAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL/VOL) 

1 THROUGH 

(INCHES) 

2.56 

3.198 

0.000146 

0.000 

3.10 

5 

(CU. FT.) 

9292.800 

11609.4238 

0.53169 

11265.5541 

0.2994 

0 .2fi!:i0 



FINAL WATER STORAGE AT END OF YEAR 5 

LAYER 

3 

SNOW WATER 

(INCHES) 

7.1106 

42.0479 

28.2600 

0.000 

(VOL/VOL) 

0.2963 

0.2920 

0.4710 



( 

( 

Attachment IV 
Leachate Collectors and Groundwater Interceptors 

Flow Capacity 

Page 41 
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f ENGINEERING COMPUTATION SHEET 

________________________ SHEET _____ OF _____ _ 

-Jj/ Puiuce Om,,:, Ci11CJI/IICIII, Ohio .Jj1.J9 Phou,: (J IJ).J89-ll-,Y9 Fux (S/J(.J8'J- -wa 

PROJECT I PROPOSAL NAME PREPARED CHECKED PROJEC7 t PROPOSAL NUMBER 

BY: BY 

DATE. DATE. 

SUBJECT: 

High Density Polyethylene (HDPE) Leachate Collection Pipe and Groundwater Interceptor Pipe 
Flow Capacity. 

PURPOSE AND OBJECTIVE: 

Toe following computations are performed to determine the ma"<.irnum flow capacity of the 
proposed leachate collection and groundwater interceptor pipes. This ma"<.irnum capacity is 
compared to the estimated leachate flows or groundwater inflows. An estimate of the necessary 
amount of clogging needed to reduce the pipe flow capacity below this estimated leachate rate is 
also provided. 

DESIGN ASSUlYIPTIONS AL'ID CONDITIONS: 

1. For non-pressure flow conditions, the maximum flow depth in a pipe is equal to 95% of 
the pipe's interior diameter. F1ow depths greater than this enter pressure flow regimes. 

2. At 95¾ flow depth, ratio of flow cross-sectional area to the square of the pipe's interior 
diameter is 0.771 (Af = 0.771 * D2 

). 

3. At 95¾ flow depth, the ratio of the wetted perimeter to the pipe's interior diameter is 
2.691 ('Wp = 2.691 * D). 

4. At 95 % flow deI?th, the ratio of the hydraulic radius to the pipe's interior diameter is 
0.286 (Rh= 0.286 * D). 

5. The minimum flow gradient of the pipe is 0.28% (0.0028 ft/ft). It occurs along the 
leachate collecrnr pipe located adjacent to the southern limits of Site 9A (5 feet elevation 
difference over a length of 1,800 feet) · 

METHODOLOGY: 

The flow velocity is estimated using Manning's equation for open channel flows: 

Vp = (1.49 I np) * (R/z 1/J) * (S 112
) 

where, 

Vp = Pipe Flow Velocity (ft/ sec) 

PAGE 1 
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ENGINEERING COMPUTATION SHEET 
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________________________ SHEET _____ OF _____ _ 
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PROJECT I PROPOSAL NAME PREPARED CHECKED PROJECT i PROPOSAL NUM.13ER 

BY. BY· 

DATE. DATE: 

np = Manning's Roughness Coefficient (dimensionless) 
Rh = Hydraulic Radius (ft) 
S = Pipe Flow Gradien·c (ft/ ft) 

The flow capacity is derived from the following: 

Qp= Vp *Af 

where, 

Qp = Pipe Fiow Capacity ( cubic feet / sec) 
Vp = Pipe Flow Velocity (ft/ sec) 
Af = Flow Cross-Sectional Area (sq ft) 

MATERIAL CHARA CTERlSTI CS: 

Toe collection pipes will be perforated, 6 inch diameter, SDR 11 HDPE pipes having an interior 
diameter of 5 .421 inches and a Manning's roughness coefficient of O. 04 7. The perforations do not 
significantly alter the pipe's flow characteristics. 

COMPUTATIONS: 

The following table performs the computations to estimate the pipe flow capacity: 

PAGE 2 
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PROJECT I PROPOSAL NA.o\-lE P R.EP AR.ED CHECKED PROJEC7 t PROPOSAL NUMBER 

BY· BY: 

DATE; DATE: 

Table 1 - Pipe Flow Capacity 

Pi;:,e Inte=:.or Diameter, D ::a 0.4S2·fee: 
(6in dia SDR-11 HOPS) 

·--. 
Manning's Roughness Coefficient, np "" 0.04i 

(High Densi :y Polyet!"lylene) -
·-· 

Pi;,e Flow Area, Af "" 0.157 sq -=-- -
(0.771 " 0"2) -

Wet:-:ed. Perimet:er, Wp ,. l.216 feet 
(2. 691 " D) 

Hydraulic Radius, Rh ,.. 0 . 12 9, f ee1: 
(0.286 " D) 

Pi;::>e Flow Gradient:, s "" 0.0028,ft./-:"': 

Pi;,e Flow Velocity, Vp ::a 0. 42S·ft:/sec 
( 1. 4 9/np) ... (Rh"O. 667) .. (S "0. S) 

Pipe Flow Capaci-:y, Qp ,. 0. 067 'cf /sec 
(Vp .. Afl 

Pipe Flow Capacity, Qp - ; 30.254 ,gpm 

CONCLUSIONS: 

The minimum peak flow_·capacity of the leachate collection pipes/ groundwater collector pipes is 
0.067 cubic feet per sec~nd or 30 gpm. According to the groundwater and leachate flow~model 
results previously performed by CRA ("Conceptual Design for Remedial Action", Table 4.1 ), the 
maximum leachate groundwater extraction rate for all of Site 9A is 78 gpm. The pipe's minimum 
peak flow capacity is approximately 40% of the predicted rate for the entire site. It therefore 
represents a flow capacity greatly in excess of anticipated requirements. Only the most severe 
clogging will significantly impact the pipe's flow capacity. 
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ENGINEERING COMPUTATION SHEET 

_______________________ SHEET _____ OF _____ _ 
7'85/ Palai:e DriVf!, Cincinnati, Ohio 45249 Phone (513)489-6':89 Fax (513(489--7'208 

PROJECT I PROPOSAL NAME PREPARED CHECKED PROJECT I PROPOSAL NUMBER 

BY: BY: 

DATE: DATE: 

SUBJECT: 

Polyvinyl Chloride (PVC) Leachate Collection Pipe and Groundwater Interceptor Pipe Flow 
Capacity. 

PURPOSE AND OBJECTIVE: 

The following computations are performed to determine the maximum flow capacity of the 
proposed leachate collection and groundwater interceptor pipes. This maximum capacity is 
compared to the estimated leachate flows or groundwater. An estimate of the necessary amount of 
clogging needed to reduce the pipe flow capacity below this estimated leachate rate is also 
provided. 

DESIGN ASSUMPTIONS AND CONDITIONS: 

1. For non-pressure flow conditions, the maximum flow depth in a pipe is equal to 95% of 
the pipe's interior diameter. flow depths greater than this enter pressure flow regimes. 

2. At 95% flow depth, ratio of flow cross-sectional area to the square of the pipe's interior 
diameter is 0.771 (Af = 0.771 * D2 

). 

3. At 95% flow depth, the ratio of the wetted perimeter to the pipe's interior diameter is 
2.691 (Wp = 2.691 * D). 

4. At 95 % flow depth; the ratio of the hydraulic radius to the pipe's interior diameter is 
0.286 (Rh= 0.286 * D). 

5. The minimum flow gradient of the pipe is 0.28% (0.0028 ft/ft). It occurs along the 
leachate collector pipe located adjacent to the southern limits of Site 9A (5 feet elevation 
difference over a length of 1,800 feet) 

METHODOLOGY: 

The flow velocity is estimated using Manning's equation for open channel flows: 

Vp = (1.49 lnp) * (RI, 213
) * (S 112

) 

where, 

Vp = Pipe Flow Velocity (ft/ sec) 
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PROJECT/ PROPOSAL NAME PREPARED CHECKED PROJECT I PROPOSAL NUMBER 

BY: BY: 

DATE: DATE: 

np = Mann'ing's Roughness Coefficient (dimensionless) 
Rh= Hydraulic Radius (ft) 
S = Pipe Flow Gradient (ft/ ft) 

The flow capacity is derived from the following: 

Qp= Vp *A/ 

where, 

Qp = Pipe Flow Capacity ( cubic feet / sec) 
Vp = Pipe Flow Velocity (ft/ sec) 
Af = Flow Cross-Sectional Area (sq ft) 

MATERIAL CHARACTERISTICS: 

The collection pipes will be perforated, 6 inch diameter, Schedule 80 PVC pipes having an 
interior diameter of 5.761 inches and a Manning's roughness coefficient of0.009. The 
perforations do not significantly alter the pipe's flow charai;teristics. 

COMPUTATIONS: 

The following table performs the computations to estimate the pipe flow capacity: 
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PETRO ENVIRONMENTAL TECHNOLOGIES 
ENGINEERING COMPUTATION SHEET 

_________________________ SHEET _____ OF _____ _ 

'.'85/ Palace Drive, Cincinnati, Ohio -152-19 Phone (513)-189-6789 Fax (513(-189-7208 

PROJECT/ PROPOSAL NAME PREPARED CHECKED PROJECT / PROPOSAL NUMBER 

BY: BY: 

DATE: DATE: 

Table 1 - Pipe Flow Capacity 

Pipe Interior Diameter, D = 0.480ifeet 

(6in dia SCH 80 PVC) ! 

Manning's Roughness Coefficient, np = 0.009i 
(Polyvinyl Chloride) 

Pipe Flow Area, Af = 0.178jsq ft 

(0.771 * D"2) ! 
Wetted Perimeter, Wp = l.292ifeet 

(2. 691 * D) : I 

! 

Hydraulic Radius, Rh = 0.137!feet 

(0.286 * D) i 
I 

Pipe Flow Gradient, s = 0.0028ift/ft 
I 

Pipe Flow Velocity, Vp = 2.330lft/sec 

(1.49/np) * ( Rh "0. 667) * (S "0. 5) 
·- ·-

Pipe Flow Capaci_ty, Qp = I 0.414!cf/sec 

(Vp * Af) : I 

PiP:__!lo_w Capacity, 
--~--

Qp = 185.822 1gpm 
I 

CONCLUSIONS: 

The minimum peak flow-eapacity of the leachate collection pipes/ groundwater collector pipes is 
0.414 cubic feet per second or 186 gpm. According to the groundwater and leachate flow model 
results previously performed by CRA ("Conceptual Design for Remedial Action", Table 4.1), the 
maximum leachate groundwater extraction rate for all Df Site 9A is 78 gpm. The pipe's minimum 
peak flow capacity is 2.37 times greater than this predicted rate for the entire site. It therefore 
represents a flow capacity greatly in excess of anticipated requirements. Only the most severe 
clogging will significantly impact the pipe's flow capacity. 

HDPE pipe is to be used due to potentially unstable sidewall conditions in the trench 
excavation. 
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August 30, 2001 

Mr. David Kline 
Michigan Department of Environmental Quality 
KNAPPS Office Center 
P.O. Box 30426 
Lansing, Michigan 48909-7926 

RE: Remedial Action Plan 
Macomb County Landfill Sites·9 and 9A 
Revised Leachate and Groundwater Collection Pipe 

Dear Mr. Kline, 

Letter #018 

Attached for your review is information concerning the 6" diameter, perforated ADS N-
12 pipe Petro Envi~onmental intends to use for its leachate and groundwater collection 
system at the Macomb County Landfill Sites 9 and 9A. 

Given that pipe trenching in municipal solid waste in a potentially unsafe operation due 
to unstable excavation side walls and the accumulation of methane gas in the exposed 
trench, Petro Environmental has chosen a safer pipe product to be installed for the 
leachate and groundwater collection system. ADS pipe segments can be mechanically 
joined outside the trench and are flexible enough to allow the assembled pipeline to be 
lowered into the trench, without the need for workers to be in the trench and exposed to 
potentially dangerous conditions. 

As far as performance characteristics, please note that the ADS pipe is stable against a 
loading three times greater than anticipated in the high-density polyethylene pipe RAP 
design calculations (60 feet of overburden vs. 19 feet). Also the ADS pipe has a flow 
capacity significantly greate-i:--than that estimated in the RAP design calculations (0.27 cfs 
at a flow gradient of 0.002 ft/ft vs. 0.07 cfs at a flow gradient of 0.003 ft/ft). In all 
performance aspects, ADS N-12 pipe exceeds the requirements of the RAP design 
calculations. 

Please call us at (513) 489-6789 if you have any questions or comments. We are at your 
convenience and look forward to your response. 

Respectfully yours, 
Petro Environmental Technologies, Inc. 

I) _;f Llr/J ' 
Daniel P. Duffy, P-((11 

78S1 Palace Drive • CincinnaH, Ohio L.JS2L.J9 • S13.L.J89.6789 • Fax Ll89.7208 
8200 Seville Road • Lodi, Ohio LlL.J2SLl • 330.9Ll8.1Ll9L.J • Fax 9Ll8.1933 



Cc: Mark S. Mather 
Mr. Ted Wahby (SMDA) 
Mr. Roger Timm (Dykema-Gosset) 
Mr. John Brennan (Macomb Township). 
Mr. Lawrence Dloski (Seibert and Dloski) 
Mr. David Lakin (Spalding-DeDecker Assoc.) 
File 

Attachments ADS N-12 Pipe Information Sheet 
ADS N-12 Pipe Specifications 
ADS Pipe Strength Calculations 
ADS Pipe Flow Calculations 
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N-12®Pipe · : . _ :· 

N-12 has built an impressive service record 
in storm water and other drainage 
applications where hydraulics are important 
and durability is critical. 

It is designed for use under both H25 and 
EBO live loads, or with fill heights of 50 feet or 
more. In fact, field research shows the pipe 
performing well at depths exceeding 100 
feet. With its superior abrasion and corrosion 
resistance, it has become an excellent 

alternative to concrete and metal pipe. 

N-12's light weight leads to a number of job site economies: more pipe 
per delivery truck, easier handling, smaller crews, less heavy 
equipment, less pipe damage, and better safety. The pipe cuts easily 
and requires no beveling for joining. 

Diameters Available: 

Lengths Available: 

Joint Performance: 

Joining System: 

Specifications: 

Applications: 

4"-48" 

20' 

Soil-tight 
Water-tight 

Bell and Spigot 
Split Coupler 

Product Note 3.107 

Storm Sewers 
Sanitary Sewers 
Waste Management 
Highway 
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This specification applies to high density polyethylene corrugated pipe with an integrally formed smooth 
waterway. Nominal sizes for which this specification is acceptable are 100-1500 mm (4 - 60 inch) 
diameters. Sizes 100- 1500 mm (4 - 60 inch) shall be either AASHTO Type 'S' orType 'D' as follows. 
Sizes 100 -1050 mm (4 - 42 inch) designated as AASHTO Type 'S' (N-12} shall have a full circular cross
section, with an outer corrugated pipe wall and an essentially smooth inner wall (waterway). Corrugations 
for Type 'S' sizes 100 - 1050 mm (4 - 42 inch) shall be annular (N-12). Sizes 1050 - 1500 mm {42 thru 60 
inch) designated as MSHTO Type 'D' (N-12HC) shall consist of an essentially smooth waterway braced 
circumferentially with circular ribs which are formed simultaneously with an essentially smooth outer wall. 
The 1050-1500 mm (42 thru 60 inch) (N-12HC) sizes shall conform to AASHTO Type 'D' (which 
describes dual wall pipe with a smooth waterway). 

Pipe manufactured for this specification shall comply with the requirements for test methods, dimensions 
and markings found in AASHTO Designations M252, M294 and MP?. Pipe and fittings shall be made 
from virgin PE compounds which conform with the applicable current edition of the AASHTO Material 
Specifications for cell classification as defined and described in ASTM 03350. 

The minimum parallel plate stiffness values when tested in accordance with ASTM D2412 shall be as 
follows: 

Diameter Pipe Stiffness Diameter Pipe Stiffness 
(nominal) (minimum) (nominal) (minimum) 

100 mm (4") 340 kN/m2 (50 pii) 600 mm (24") 235 kN/m2 (34 pii) 

150 mm (6") 340 kN/m2 (50 pii) 750 mm (30") 195 kN/m2 (28 pii) 

200 mm (8") 340 kN/m2 (50 pii) 900 mm (36") 150 kN/m2 (22 pii) 

250 mm (10") 340 kN/m2 (50 pii) 1050 mm (42") 140 kN/m2 (20 pii} 

300 mm (12") 345 .kNfrn2 (50 pii) 1200 mm (48") 125 kN/m2 
( 18 pii) 

375 mm (15") 290 kN/m2 
( 42 pii) 1500 mm (60"} 95 kN/m2 (14 pii) 

450 mm (18") 275 kN/m2 (40 pii) 

The fittings shall not reduce or impair the overall integrity or function of the pipeline. Fittings may be either 
molded or fabricated. Common corrugated fittings include in-line joint fittings, such as couplers and 
reducers, and branch or complementary assembly fittings such as tees, wyes and end caps. These 
fittings may be installed by various methods such as snap-on, bell and spigot, bell - bell and wrap around 
couplers. Couplers shall provide sufficient longitudinal strength to preserve pipe alignment and prevent 
separation at the joints. Only fittings supplied ·or recommended by the manufacturer shall be used. 
Where designated on the plans or project specifications, an elastomeric gasket meeting the requirements 
of ASTM F4n shall be supplied. , 

Installation of the pipe specified above shall be in accordance with either AASHTO Section 30 or ASTM 
Recommended Practice D2321 as described elsewhere in these specifications and as recommended by 
the manufacturer. 

3300 RIVERSIDE DRIVE COLUMBUS, OH 43221 (614) 457-3051 http:J/www.ADS-pipe.com 



ADS N-12 PRODUCT INFORMATION SHEET 

NOMINAL INSIDE OUTSIDE· INNER LINER MINIMUM PIPE WEIGHT AREA ."I" "C" 
DIAMETER DIAMETER, DIAMETER, THICKNESS, STIFFNESS @ 5% kg./6m mm2/mm cm4/cm mm 

AVERAGE AVERAGE MINIMUM DEFLECTION (lbs./20 ft.) 

100 mm ·104 mm 120 mm 0.5mm 340 kN/m2 4.08 kg 1.59 0.010 3.06 
(4i') (4.1 O") (4.78 11

) (0.02011
) 50 psi (9.00 lbs) (0.0€>3 in2/in) {0.0006 ·in"/in) (0.12in) 

I\) 



Burns a, 1d Richard Solution 

PIPE PARAMETERS - AASHTO M294 Type S 

effective radius (in), R =3.25 

outside diameter (in), D =6.92 

thickness (in), t = 0.46 

unit area of wall (irf /in), A = 0.107 

unit moment of inertia (it1 lin), I = 0.0036 

flexural modulus (psi), q = 110,000 

ring compression modulus (psi), ~ = 110,000 

flexural stiffness (psi), ~ = 6E,I/R3 = 69 

ring compression stiffness (psi), ~ = ErcA/R = 3,622 

distance from inner wall ton.a. (in), c =0.25 

SOIL PARAMETERS - good granular soil 
::::::::::::::::::::::;:;:;:;:::::::; 

mod of soil reaction at 5' of cover (psi), Ei' = J:9.QR{/li 
modulus of soil reaction (psi), E' =3,364 

Poisson's ratio, u = @jg}jf{ 
constr mod (psi), M*=E*(1-u)/((1 +u)(1-2u))=4527.97 

lateral stress ratio = K = u/(1-u) =0.429 

sym lateral stress ratio = 8 = (1 /2)(1 +K) =0.714 

antisym lat stress ratio = C = (1 /2)(1-K) =0.286 

SOIL/STRUCTURE PARAMETERS (full slip12age) 

ring flexibility ratio, UF =(1 +K)M*/~ = 1.79 

bending flexibility ratio, VF = (1-K)M*//{= 37.4 

STRESS FUNCTION COEFFICIENTS 

constant term,~*= 0.183 

cos(2*theta), <½** = 0.964 

sin(2*theta), 1:?z** = 0.946 

LOAD PARAMETERS 

heig:;:, ;,;::::: :::~b;:: [il~lli1I ii 
surcharge pressure (psi), P =50.0 

6" Au~ N-12 roio12001 

RESPONSE OF PIPE WALL CALCULATION OF RING SHORTENING 

deg radial circum wall ring inner outer total deg ring ring ring 

c.c.w. soil radial tang wall bend comp bend bend stress c.c.w. comp comp shortening 

from press defl defl thrust mom{M, stress stress stress inner outer from stress strain 

horiz Pr(psi) w(in) v(in) N(#/in) (#-lb/in) (psi) (psi) (psi) (psi) (psi) horiz (psi) (in/in) (in) 

0 27.6 -0.022 0.000 96 6 -901 -444 373 -1346 -528 0 -901 -0.008195 -0.0046 

10 27.7 -0.019 0.008 96 6 -900 -422 354 -1322 -546 10 -900 -0.0082 -0.0046 

20 28.0 -0.011 0.016 96 5 -898 -356 299 -1254 -598 20 -898 -0.008161 -0.0046 

30 28.4 0.002 0.021 96 4 -894 -256 215 -1150 -678 30 -894 -0.008124 -0.0046 

40 28.9 0.018 0.024 95 2 -889 -133 112 -1022 -776 40 -889 -0.008077 -0.0046 

50 29.4 0.035 0.024 94 0 -883 -3 2 -886 -881 50 -883 -0.008028 -0.0046 

60 I 29.9 0.050 0.021 94 -2 -878 120 -101 -758 -979 60 -878 -0.007982 -0.0045 

70 30.3 0.063 0.016 94 -3 -874 220 -185 -654 -1059 70 -874 -0.007944 -0.0045 

80 30.6 0.071 0.008 93 -4 -871 285 -240 -586 -1111 80 -871 -0.00792 -0.0045 

90 30.7 0.074 0.000 93 -4 -870 308 -259 -562 -1129 90 -870 -0.007911 -0.0045 

100 30.6 0.071 -0.008 93 -4 -871 285 -240 -586 -1111 100 -871 -0.00792 -0.0045 

11 O 30.3 0.063 -0.016 94 -3 -874 220 -185 -654 -1059 110 -874 -0.007944 -0.0045 

120 29.9 0.050 -0.021 94 -2 -878 120 -101 -758 -979 120 -878 -0.007982 -0.0045 

130 29.4 0.035 -0.024 94 0 -883 -3 2 -886 -881 130 -883 -0.008028 -0.0046 

140 28.9 0.018 -0.024 95 2 -889 -133 112 -1022 -776 140 -889 -0.008077 -0.0046 

150 28.4 0.002 -0.021 96 4 -894 -256 215 -1150 -678 150 -894 -0.008124 -0.0046 

160 28.0 -0.011 -0.016 96 5 -898 -356 299 -1254 -598 160 -898 -0.008161 -0.0046 

170 27.7 -0.019 -0.008 96 6 -900 -422 354 -1322 -546 170 -900 -0.0082 -0.0046 

180 27.6 -0.022 0.000 96 6 -901 -444 373 -1346 -528 180 -901 -0.008195 -0.0046 

COMMENTS SUM (1/2 circle)= -0.0869 

1. This is 6" diameter ADS N-12 MISC CALCS 

2. Flexural and compressive modulus are taken as 110,000 psi. Vertical deflection(%)= )}j{f~?.Wf\ 
3. Typical E's values (in psi) for various soils are listed in the table below: Horizontal deflection (%) = IJ:{\{~®.]:{ 

::::;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:;:::;:; .. 
Standard AASHTO Critical Buckling Pressure (psi), Pcr= \(JHf4.:1JJ 

·.•,·.·-:-:-•-•,•.·.·.·.•.•,•-:,•.•,•·· 

Type of soil Relative Compaction Radial Soil Pressure at Crown (psi), fc:1= }fl/@W}}f 
Arc length of each sector (in) = }{)~~$.@Zg/t! 85% 

Fine-grained soils with less than 25% sand (CL, ML, DL-ML) 500 

Coarse-grained soils with fines (SM, SC) 600 

Coarse-grained soils with little or no fines (SP, SW, GP, GW) 700 

Max. Compressive Stress 

-1345.9 OK(< -3000) 

Max. Tensile Stress 

-528.05 OK(< 1000) 

90% 

700 

1000 

1000 

95% 

1000 

1200 CIRCUMFERENCE SHORTENS= 
llll!lll!ll~lW~li!:111111 1600 

Circumfence Shortening % (2% Max) 

-0.0079 OK 

Calculations by: _________ _ 
Title 



( ( 

Table3 
CIRCULAR PIPE FLOW CAPACITY 

Full Flow ( cubic feet per second) *Conv. Factor= (1.486x~3xA)/n (English) 

Manning's "n" = 0.012 Full Flow (cubic meters per second) *Conv. Factor= (1.0xR213xA)/n (rv1etric) 

Diameter I *Conv (% Slope) ft/100ft, mf100m 
(in.) I (mm.) I Factor 0.02 0.05 0.10 0.20 0.35. 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.50 5.00 10.00 20.00 

4 2.04 0.0289 0.0457 0.0647 0.0914 0.1210 0.1446 0.1771 0.2045 0.2286 0.2504 0.2705 0.2892 0.3233 0.4572 0.6466 0.9144 
100 0.06 0.0008 0.0012 0.0017. - 0.0025 0.0033 0.0039 0.0048 0.0055 0.0062 0.0068 0.0073 0.0078 0.0087 0.0124 0.0175 0.0247 

6 6.04 0.0854 0.1350 0.1909 0.2700 0.3571 0.4269 0.5228 0.6037 0.6749 0.7393 0.7986 0.8537 0.9545 1.3498 1.9090 2.6997 
150 0.16 0.0023 0.0036 0.0052 0.0073 0.0097 0.0115 0.0141 0.0163 0.0182 0.0200 0.0216 0.0231 0.0258 0.0365 0.0516 0.0730 

8 13.01 0.1840 0.2910 0.4115 0.5820 0.7699 0.9202 1.1270 1.3013 1.4549 1.5938 1.7215 1.8403 2.0576 2.9098 4.1151 5.8197 

200 0.35 0.0050 0.0079 0.0111 0.0157 0.0208 0.0249 0.0305 0.0352 0.0393 0.0431 0.0465 0.0498 0.0556 0.0787 0.1112 0.1573 

10 23.61 0.3339 0.5280 0.7467; 1.0560 1.3969 1.6696 2.0449 2.3612 2.6399 2.8919 3.1236 3.3392 3.7334 5.2798 7.4668 10.5596 
I 

250 0.64 0.0090 0.0143 0.0202: 0.0285 0.0378 0.0451 0.0553 0.0638 0.0714 0.0782 0.0844 0.0903 0.1009 0.1427 0.2018 0.2855 

12 38.42 0.5433 0.8591 1.2149 1.7182 2.2729 2.7166 3.3272 3.8419 4.2954 4.7054 5.0824 5.4333 6.0746 8.5908 12.1492 17.1815 

300 1.04 0.0147 0.0232 0.0328 0.0464 0.0614 0.0734 0.0899 0.1039 0.1161 0.1272 0.1374 0.1469 0.1642 0.2322 0.3284 0.4645 

15 69.71 0.986 1.559 2.204 3.118 4.124 4.929 6.037 6.971 7.794 8.538 9.222 9.859 11.022 15.588 22.044 31.175 

375 1.88 0.027 0.042 0.060 0.084 0.111 0.133 0.163 0.188 0.211 0.231 0.249 0.267 0.298 0.421 0.596 0.843 

18 113.43 1.604 2.536 3.587 5.073 6.710 8.020 9.823 11.343 12.681 13.892 15.005 16.041 17.934 25.363 35.868 50.725 

450 3.07 0.043 0.069 0.097 0.137 0.181 0.217 0.266 0.307 0.343 0.376 0.406 0.434 0.485 0.686 0.970 1.371 

21 171.18 2.421 3.828 5.413 7.656 10.127 12.104 14.825 17.118 19.139 20.965 22.645 24.209 27.066 38.278 54.133 76.555 

530 4.75 0.067 0.106 0.150 0.212 0.281 0.336 0.411 0.475 0.531 0.581 0.628 0.671 0.750 1.061 1.501 2.123 

24 244.51 3.458 5.467 7.732 10.935 14.465 17.289 21.175 24.451 27.337 29.946 32.346 34.579 38.660 54.674 77.321 109.348 

600 6.61 0.093 0.148 0.209 0.296 0.391 0.467 0.572 0.661 0.739 0.810 0.874 0.935 1.045 1.478 2.090 2.956 

27 334.87 4.736 7.488 10.589 14.976 19.811 23.679 29.000 33.487 37.439 41.013 44.299 47.358 52.947 74.879 105.895 149.758 

680 9.23 0.131 0.206 0.292 0.413 0.546 0.653 0.800 0.923 1.032 1.131 1.221 1.306 1.460 2.064 2.920 4.129 

30 443.66 6.27 9.92 14.03 19.84 26.25 31.37 38.42 44.37 49.60 54.34 58.69 62.74 70.15 99.20 140.30 198.41 

760 12.43 0.18 0.28 0.39 0.56 0.74 0.88 1.08 1.24 1.39 1.52 1.64 1.76 1.96 2.78 3.93 5.56 

36 721.87 10.21 16.14 22.83 32.28 42.71 51.04 62.52 72.19 80.71 88.41 95.49 102.09 114.14 161.42 228.28 322.83 

900 19.51 0.28 0.44 0.62 0.87 1.15 1.38 1.69 1.95 2.18 2.39 2.58 2.76 3.09· 4.36 6.17 8.73 

42 1089.45 15.41 24.36 34.45 48.72 64.45 77.04 94.35 108.95 121.80 133.43 144.12 154.07 172.26 243.61 344.52 487.22 

1050 29.45 0.42 0.66 0.93 1.32 1.74 2.08 2.55 2.95 3.29 3.61 3.90 4.17 4.66 6.59 9.31 13.17 

48 1556.14 22.01 34.80 49.21 69.59 92.06 110.04 134.77 155.61 173.98 190.59 205.86 220.07 246.05 347.96 492.09 695.92 

1200 42.07 0.59 0.94 1.33 1.88 2.49 2.97 3.64 4.21 4.70 5.15 5.56 5.95 6.65 9.41 13.30 18.81 

60 2823.56 39.93 63.14 89.29 126.27 167.04 199.66 244.53 282.36 315.68 345.81 373.52 399.31 446.44 631.37 892.89 1262.73 

1500 76.33 1.08 1.71 2.41 3.41 4.52 5.40 6.61 7.63 8.53 9.35 10.10 10.79 12.07 17.07 24.14 34.14 



Attachment V 
Leachate Collectors and Groundwater Interceptors Stability · 
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ENGI~~ERING COMPUTATION SHEET 
SHEET _____ OF 

-.~5 I l'aluc~ Drrw, Ci11c11111<11i, Ohio .JSl.J9 Phu,~ (5 I J).J/J9-o7S9 Fw: (5 I J(-139· ·:o.~ 

PROJECT I PROPOSAL :-IA,\tE PREPARED CHECKED f'ROJEC:- t PROPOSAL NUiliU3ER 

BY: BY· 

DATE: DATE. 

SUBJECT: 

The Effects of Static Loadings on the Structural Integrity of High Density Polyethylene (HDPE) 
Leachate Collection Pipes and Groundwater Interceptor Pipes. 

PURPOSE AND OBJECTIVE: 

The following computations were performed to estimate the maximum potential deflection of the 
HDPE leachate collection pipes/groundwater interceptor pies while subject to anticipated static 
loadings from deposited waste and/or soil overburden. 

DESIGN ASSUMPTIONS A.ND CONDITIONS: 

1. The leachate collection pipes/groundwater interceptor pipes are installed according to the 
design alignment, grade and elevation. 

2. The "arching" of overburden over laying the leachate collection pipes/groundwater 
interceptor pipes is conservatively ignored so that the load from the total depth of 
ove;-burden can be applied to the pipe. 

3. As a non-rigid, non-pressurized pipe, the stability of the HDPE pipe should be 
considered as part of a soil/pipe system. 

4. The total design period for the HDPE leachate collection pipes/groundwater interceptor 
pipes is 30 ye~jconforming to a typical 30-year post-closure care period). 

5. Since the leachate collection pipes/groundwatey interceptor pipes may be placed outside 
of waste in structural fill or natural soil, the soil's higher density will be conservatively 
used for this analysis instead of waste. 

METHODOLOGY: 

The external soil/waste pressure on the pipe is estimated as follows: 

Pt = (Dw * H) * (1 ft 1 I 144 in 1
) 

where, 

Pt = External Soil Pressure (psi) 
Dw = In-Place Density of the Overburden (lbs per cubic foot) 

PAGE 1 
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H = Total Overburden Fill Height (feet) 

The potential for wall crushing failure of the HD PE pipe is dependent upon the actual 
compressive stress: 

Sa= ((SDR - 1) * Pt) 12 

where, 

Sa= Actual Compressive Stress (psi) 
SDR = Standard Dimension Ratio (dimensionless, 11) 
Pt= External Soil Pressure (psi) 

The factor of safety against wall crushing is detemined by dividing the pipe's compressive yield 
strength by the actual compressive stress: 

where, 

FSc= Ys/Sa 

Fsc = 
Ys= 
Sa= 

Factor of Safety Against Wall Crushing (dimensionless) 
Compressive Yield Strength (psi) 
Actual Compressive Stress (psi) 

The potential for long-term wall buckling pipe failure is dependent upon the pipe/soil system's 
critical buckling pressur~:_. 

where, 

Pch = 0.8 * (E' * Pc) in 

Pcb = 
E'= 

Pc= 

Critical Buckling Soil Pressure at the Top of the Pipe (psi) 
Soil Modulus (calculated as the ratio of soil pressure ot venical soil strain at a 
specified density, for soil pressure greater than 4,000 psi and a compaction of 
90% of Standard Density, the soil strain is 2% and E' = Pt /2%) 
Hydrostatic, Critical Collapse Differential Pressure (psi) 

The hydrostatic, critic3.1 collapse differential pressure is is c~lculated as follows: 

Pc= (2.32 *E)l(SDRJ) 

where, 
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E = The HDPE Stress and Time Dependent Tensile Modulus of Elasticity (23,000 
psi after 50 years for an actual compressive stress of Sa= 200 psi) 

SDR = Standard Dimension Ratio (dimensionless, 11) 

The factor of safety against wall buckling is detennined as follows: 

Fsb = Pehl Pt 

where, 

Fsb = Factor of Safety Against Wall Buckling (dimensionless) 
Pcb = Critical Buckling Soil Pressure at the Top of the Pipe (psi) 
Pt= External Soil Pressure (psi) 

The percentage of ring deflection is based upon strain for a given SDR and is calculated as 
follows: 

or 

where, 

Y% = dYIOD 

Y¾ = 0.25 * e * SDR 

Yo/o= 
dY= 
OD= 
e= 

SDR= 

Perce~!~ge of Ring Deflection (percent) 
Vertic:il:-Deflection (inches) 
Outside-Diameter of the Pipe (6.25 inches for 6 inch SDR-11 HDPE) 
Tangential Strain in the Surface of the Pipe Ring ( dimensionless, conservatively 

estimated at O. 0 1 ) 
Standard Dimension Ratio ( dimensionless, 11) 

The factor of safety against ring deflection failure is determined as follows: 

where, 

FSr = Y%/ es 

Fsr = 
Y%= 
es= 

Factor of Safety Against Ring Deflection Failure (dimensionless) 

Percemage of Ring Def1ec:ion (percent) 
Adjacent Soil Strain (for soil pressure greater than 4,000 psi and a compaction 

of 90% of Standard Density, the soil su;:iin is 2%) 
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MATERIAL CHARACTERISTICS: 

The leachate collection pipes/groundwater interceptor pipes are 6 inch nominal diameter SDR-11 
HDPE having an inside diameter of 5.421 inches and an outside diameter of 6.250 inches. Pipe 
wall thickness is therefore O .415 inches. Pipe perforations are O .3 7 5 inches in diameter and 
spaced in a double row with 6 inch spacing berween perforations. The number of perforations per 
foot of pipe length is 4 each. The modulus of elasticity after the 50 year design time is 28,000 psi. 

The maximum height of overburden over laying a leachate collection pipe or groundwater 
interceptor is 19 feet and occurs at the north center boundary of Sire 9A adjacent to the 
groundwater collection sump. The average in-place density of the overburden is approximately 
130 lbs per cubic foot ( 1. 75 tons per cubic yard). The thicknesses of the aggregate bedding layer 
is insignificant compared to the thickness of the overburden and are ignored for the purposes of 
computation. Any portion of the proposed final cover system overlaying the pipe will be assumed 
to have the same density as the rest of the overburden. 

The bedding soil adjacent to the pipe consists of highly compacted ( as a result of the weight of the 
overburden) coarse grained soils having a modulus of reaction of 3,000 lbs per square inch. 

CO M:PUT A TIO NS: 

The following table calculates the factor of safety against wall crushing failure: 

Table 1 - Wall Crushing Failure 

- -
Pipe Standard Dimension Ratio, SOR = 11.000 i 

, 

In-Place Density of Overburden, Ow = 130.000: lbs / cf 
; 

Total Overburden Fill Depth, H = 19.000: feet 

External Soil Pressure, Pt = 17.153; psi 
(Ow ... H.,, (1/144)) 

Actual Compressive Stress, Sa = 85.764- psi 
( (SD R -1 ) .. Pt) I 2 

Compressive Yie!d Strength, Ys = 15,000.000 · psi 

Factor of Safety Against Wall Crushing, FSc = 174.899· 
(Ys / Sa) 
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The following table calculates the factor of safety against wall buckling failure: 

Table 2 - Wall Buckling Failure 

Pipe Standard Dimension Ratio, SOR = - . 11.000· 
; 

HOPE Modulus of Elasticity, E = 28,000.000; psi 
(30 year design time) 

Hydrostatic Critical Collapse Differential Pressure, Pc= 48.805.psi 
(2.32 .. E) / (SDR"3) 

External Soil Pressure, Pt= 17.153!psi 
(from table above) 

Soil Modulus, E' = 857.650,psi 
(Pt/ 2%) i 

Critical Buckling Soil Pressure, Pcb = 163.674;psi 
(0.8 .. (E' .. Pc)"0.5) 

Factor of Safety Against Wall Buckling, FSb = 9.542: 
(Pcb / Pt) 

The following table calculates the factor of safety against ring deflection failure: 

Table 3 - Ring Deflection Failure 

.. -
Pipe Standard Dimension Ratio, SOR = 11.00Q,. 

, 

Tangential Strain on the Pipe Ring Surface, e = 0.010' 

Percent of Ring Deflection, Y% = 2.75%· 
(0.25 * e .. SOR) 

Adjacent Soil Strain, es = 2.00%, 

Factor of Safety Against Ring Deflection Failure, FSr = 1.375' 

(Y% / es) 
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CONCLUSIONS: 

The 6 inch diameter SDR-11 HDPE leachate collection pipe is stable under anticipated loadings. 
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SUBJECT: 

The Effects of Static Loadings on the Structural Integrity of Polyvinyl Chloride (PVC) Leachate 
Collection Pipes and Groundwater Interceptor Pipes. 

PURPOSE A.!'fD OBJECTIVE: 

The following computations were performed to estimate the ma'<imum potential defiection of the 
PVC leachate collection pipes/groundwater interceptor pipes while subject to anticipated static 
loadings from deposited waste and/or soil overburden. 

DESIGN ASSUIVIPTIONS AND CONDITIONS: 

1. The leachate collection pipes/groundwater interceptor pipes are installed according to the 
design alignment, grade and elevation. 

2. The "arching" of waste or soil over laying the leachate collection pipes/groundwater 
interceptor pipes is conservatively ignored so that the load from the total depth of waste 
and soil can be applied to the pipe. 

3. A depth of overburden greater than the maximum of 50 feet typically allowed by the 
Modified Iowa formula is allowed for this analysis. 

4. A- percent of horizontal deflection equal to 7% provides a factor of safery against inverse 
pipe curvature {ffef pe failure) of 4. 

5. Since the leachate collection pipes/groundwater interceptor pipes may be placed outside 
of waste in structural fill or natural soil, the soil's higher density will be conservatively 
used for this analysis instead of waste. 

METHODOLOGY: 

The venical stress on the pipe as the result of waste overburden is estimated by the following: 

W= (Dw * H * OD) * (I ft:: I 144 in:) 

where, 

W = Vertical Stress on the Pipe ( lbs per inch of pipe length) 
Dw = In-Place Density of the Waste or Soil (lbs per cubic foot) 
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Total waste or soil Fill Height (feet) 
Outside Diameter ef the Leachate Collection Pipe (inches) 

Tne estimated vertical stress is modified by the collection pipe perforations: 

where, 

Wp = (W * 12)I(12-(D * N)) 

Wp= 
W= 
D= 
N= 

Modified Vertical Stress on the Pipe ( lbs per inch of pipe length) 
Vertical Stress on the Pipe ( lbs per inch of pipe length) 
Diameter of the Pipe Perforation (inches) 
Number of Pipe Holes (each per foot of pipe leng1'.h) 

The pipe wall thickness is determined as fa !lows: 

where, 

Tp = (OD - ID) 12 

Tp= 
OD= 
ID= 

Pipe Wall Thickness (inches) 
Outside Diameter of the Leachate Collection Pipe (inches) 
Inside Diameter of the Leachate Collection Pipe (inches) 

Given the pipe wall thickness, the pipe wall's moment of inertia can be determined: 

j = (Tp; 1-=_J:-J) 

where, 

I= Pipe Wall Moment ofinertia (inches 4 per inch) 
Tp = Pipe Wall Thickness (inches) 

The pipe's mean radius is detennined as follows: 

where, 

r = 0.5 * ((OD+ JD) /2) 

r= 
OD= 
ID= 

Pipe Mean Radius (inches) 
Outside Diameter of the Le::i.chace Collection Pipe (inches) 
Inside Diameter of the Leachate Collection Pipe (inches) 
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The potential horizontal deflection of the pipe is determined by the Modified Iowa fonnula: 

where, 

X = (DI * .K * Wp * r 1 ) I ( (Ep * I) + (0. 061 * Es * r 1
) 

X= 
DI= 
K= 
Wp= 
r= 
Ep = 
I= 
Es= 

Horizontal Deflection (inches) 
Deflection Lag Factor (dimensionless, 1.25 to 1.50) 
Pipe Bedding Constant ( dimensionless, typically 0 .1) 
Modified Vertical Stress on the Pipe ( lbs per inch of pipe length) 
Pipe Mean Radius (inches) 
PVC Pipe Modulus of Elasticity (lbs per square inch) 
Pipe Wall Moment ofinerria (inches~ per inch) 
Bedding Soil Modulus of Reaction (lbs per square inch) 

The percentage of horizontal deflection is determined as follows: 

where, 

X%= X/(2 *r) 

Xo/o= 
X= 
r= 

Percentage of Horizontal Deflection (percent) 
Horizontal Deflection (inches) 
Pipe Mean Radius (inches) 

MATERIAL CHARACTERIST-I_CS: 

The leachate collection pipe/groundwater interceptor is. 6 inch nominal diameter Schedule 80 PVC 
having an inside diameter of 5.761 inches and an outside diameter of 6.625 inches. Pipe wall 
thickness is therefore 0.432 inches. Pipe perforations are 0.375 inches in diameter and spaced in a 
double row with 6 inch spacing between perforations. The number of perforations per foot of 
pipe length is 4 each. The modulus of elasticity of PVC is 420,000 psi. 

The maximum height of overburden over laying a leachate collection pipe or groundwater 
interceptor is 19 feet and occurs at the north center boundary of Site 9A adjacent to the 
groundwater collection sump. The average in-place density of the overburden is approximately 
130 lbs per cubic foot (1.75 tons per cubic yard). The thicknesses of the aggregate bedding layer 
is insignificant compared to the thickness of the overburden and are ignored for the purposes of 
computation. Any portion of the proposed final cover system overlaying the pipe will be assumed. 
to have the same density as the rest of the ove:-burden. 
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The bedding soil adjacent to the pipe consists of highly compacted ( as a result of the weight of the 
overburden) coarse-grained soils ha~ing a modulus of reaction of 3,000 lbs per square inch. 

COMPUTATIONS: 

The following table estimates the modified vertical stress on th-e ·pipe: 

Table 1 - Modified Vertical Stress on the Leachate Collection Pipe 

In Place Density of Overburden, Ow = 130.000 ·lbs/ cf 
(1.75 tons per cubic yard) 

Total Overburden Fill Depth, H = 19.000:feet 

Outside Diameter of Pipe, OD = 6.625 inch 
(6 inch SCH 80 PVC) 

Inside Diameter of Pipe, ID = 5.761 inch 
(6 inch SCH 80 PVC) 

Pipe Wall Thickness, Tp = 0.432iinch 
(OD - ID)/ 2 

Mean Pipe Radius, r = 3.097 inch 
(1/2) * ((90 + ID)/ 2) ·- - . 

Pipe Wall Moment of I nertis, I = 0.007 inch"4 / inch 
(Tp"3 / 12) 

Vertical Stress on Pipe, W = 113.637 lbs / inch 
( Ow * H * 0 D) * ( 1 / 144) 

Diameter of Perforations, D = 0.375 inch 

Number of Perforations per Foot. N = 4. 000; eac!l 

··---
Modified Vertical Stress en Pipe, Wp = 129.871.lbs / inc:i 

(W * 12) I (.1 2 -( D * N)) 

The following table estimates the maximum horizontal deflection of the pipe resulting from the Modified 
Iowa Formula: 
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Table :Z - Maximum Horizontal Deflection 

Deflection Lag Factor, DI = 1.500 
(1.25 to 1.50) 

Bedding Constant. K 0.100· ·-
Mean Pipe Radius, r = 3.097'inch 

(from table above) 
Modulus of Soil Reaction, Es = 3,000.000i psi 

(highly compacted, coarse grained soils) 
PVC Pipe Modulus of Elasticity, Ep = 420,000.000\ psi 

(Polyvinyl Chloride) 
Pipe Wall Moment of Inertia. I= 0. 007 · inch1·4 / inch 

(from table above) 
Modified Vertical Stress on Pipe, Wp = 129.871: lbs / inch 

(from table above) 
Horizontal Deflection, X = 0.0691inch 

(DI* K *Wp * r"3) / ( (Ep *I)+ (0.061 *Es* r"3)) 
Percent Horizontal Deflection, X¾ = 1.12%. 

(X / (2 * r,)) 

CONCLUSIONS: 

The estimated percent of horizontal deflection of 1.22% is significantly less than the 7% which 
provides a factor of safety against pipe failure of 4. ·Toe leachate collection pipes/groundwater 
interceptor pipes are stable under anticipated loadings. --
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August 30, 2001 

Mr. David Kline 
Michigan Department of Environmental Quality 
KNAPPS Office Center 
P.O. Box 30426 
Lansing, Michigan 48909-7926 

RE: Remedial Action Plan 
Macomb County Landfill Sites 9 and 9A 
Revised Leachate and Groundwater Collection Pipe 

Dear Mr. Kline, 

Letter #018 

Attached for your review is information concerning the 6" diameter, perforated ADS N-
12 pipe Petro Envi~onmental intends to use for its leachate and groundwater collection 
system at the Macomb County Landfill Sites 9 and 9A. 

Given that pipe trenching in municipal solid waste in a potentially unsafe operation due 
to unstable excavation side walls and the accumulation of methane gas in the exposed 
trench, Petro Environmental has chosen a safer pipe product to be installed for the 
leachate and groundwater collection system. ADS pipe segments can be mechanically 
joined outside the trench and are flexible enough to allow the assembled pipeline to be 
lowered into the trench, without the need for workers to be in the trench and exposed to 
potentially dangerous conditions. 

As far as performance characteristics, please note that the ADS pipe is stable against a 
loading three times greater than anticipated in the high-density polyethylene pipe RAP 
design calculations (60 feet of overburden vs. 19 feet). Also the ADS pipe has a flow 
capacity significantly greatei:--than that estimated in the RAP design calculations (0.27 cfs 
at a flow gradient of 0.002 ft/ft vs. 0.07 cfs at a flow gradient of 0.003 ft/ft). In all 
performance aspects, ADS N-12 pipe exceeds the requirements of the RAP design 
calculations. 

Please call us at (513) 489-6789 if you have any questions or comments. We are at your 
convenience and look forward to your response. 

Respectfully yours, 
Petro Environmental Technologies, Inc. 

78S1 Palace Drive • CincinnaH, Ohio lJS2ll9 • S13.ll89.6789 • Fax ll89.7208 
8200 Seville Road • Lodi, Ohio llll2Sll • 330.9ll8. lll9ll • Fax 9ll8.1933 



Cc: Mark S. Mather 
Mr. Ted Wahby (SMDA) 
Mr. Roger Timm (Dykema-Gosset) 
Mr. John Brennan (Macomb Township). 
Mr. Lawrence Dloski (Seibert and Dloski) 
Mr. David Lakin (Spalding-DeDecker Assoc) 
File 

Attachments ADS N-12 Pipe Information Sheet 
ADS N-12 Pipe Specifications 
ADS Pipe Strength Calculations 
ADS Pipe Flow Calculations 
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N-12®Pipe _ 

N-12 has built an impressive service record 
in storm water and other drainage 
applications where hydraulics are important 
and durability is critical. 

It is designed for use under both H25 and 
EBO live loads, or with fill heights of 50 feet or 
more. In fact, field research shows the pipe 
performing well at depths exceeding 100 
feet. With its superior abrasion and corrosion 
resistance, it has become an excellent 

alternative to concrete and metal pipe. 

N-12's light weight leads to a number of job site economies: more pipe 
per delivery truck, easier handling, smaller crewsi less heavy 
equipment, less pipe damage, and better safety. The pipe cuts easily 
and requires no beveling for joining. 

Diameters Available: 

Lengths Available: 

Joint Performance: 

Joining System: 

Specifications: 

Appli"cations: 

4"-48" 

20' 

Soil-tight 
Water-tight 

Bell and Spigot 
Split Coupler 

Product Note 3.107 

Storm Sewers 
Sanitary Sewers 
Waste Management 
Highway 
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This specification applies to high density polyethylene corrugated pipe with an integrally formed smooth 
waterway. Nominal sizes for which this specification is acceptable are 100- 1500 mm (4 - 60 inch) 
diameters. Sizes 100-1500 mm (4 - 60 inch) shall be either AASHTO Type 'S' orType 'D' as follows. 
Sizes 100 -1050 mm (4 - 42 inch) designated as AASHTO Type 'S' (N-12) shall have a full circular cross
section, with an outer corrugated pipe wall and an essentially smooth inner wall (waterway). Corrugations 
for Type 'S' sizes 100 -1050 mm (4- 42 inch) shall be annular (N-12). Sizes 1050-1500 mm (42 thru 60 
inch) designated as AASHTO Type 'D' (N-12HC) shall consist of an essentially smooth waterway braced 
circumferentially with circular ribs which are formed simultaneously with an essentially smooth outer wall. 
The 1050-1500 mm (42 thru 60 inch) (N-12HC) sizes shall conform to AASHTOType 'D' (which 
describes dual wall pipe with a smooth waterway). 

Pipe manufactured for this specification shall comply with the requirements for test methods, dimensions 
and markings found in AASHTO Designations M252, M294 and MP?. Pipe and fittings shall be made 
from virgin PE compounds which conform with the applicable current edition of the AASHTO Material 
Specifications for cell classification as defined and described in ASTM D3350. 

The minimum parallel plate stiffness values when tested in accordance with ASTM 02412 shall be as 
follows: 

Diameter Pipe Stiffness Diameter Pipe Stiffness 
(nominal) (minimum) (nominal) (minimum) 

100 mm (4") 340 kN/m2 
( 50 pii) 600 mm (24") 235 kN/m2 (34 pii) 

150 mm (6") 340 kN/m2 
( 50 pii) 750 mm (30") 195 kN/m2 (28 pii) 

200 mm (8") 340 kN/m2 
( 50 pii) 900 mm (36") 150 kN/m2 (22 pii) 

250 mm (10") 340 kN/m2 (50 pii) 1050 mm ( 42") 140 kN/m2 (20 pii) 

300 mm (12'') 345 kN/m2 (50 pii) 1200 mm ( 48") 125 kN/m2 (18 pii) 

375 mm (15") 290 kN/m2 (42 pii) 1500 mm (60") 95 kN/m2 (14 pii) 

450 mm (18") 275 kN/m2 (40 pii) 

The fittings shall not reduce or impair the overall integrity or function of the pipeline. Fittings may_ be either 
molded or fabricated. Common corrugated fittings include in-line joint fittings, such as couplers and 
reducers, and branch or complementary assembly fittings such as tees, wyes and end caps. These 
fittings may be installed by various methods such as snap-on, bell and spigot, bell - bell and wrap around 
couplers. Couplers shall provide sufficient longitudinal strength to preserve pipe alignment and prevent 
separation at the joints. Only fittings suppliE?d or recommended by the manufacturer shall be used. 
Where designated on the plans or project specifications, an elastomeric gasket meeting the requirements 
of ASTM F477 shall be supplied. 

Installation of the pipe specified above shall be in accordance with either AASHTO Section 30 or ASTM 
Recommended Practice D2321 as described elsewhere in these specifications and as recommended by 
the manufacturer. 

3300 RIVERSIDE DRIVE COLUMBUS, OH 43221 (614) 457-3051 http:J/www.ADS-pipe.com 



-
ADS N-12 PRODUCT INFORMATION SHEET 

NOMINAL INSIDE OUTSIDE· INNER LINER MINIMUM PIPE WEIGHT AREA ."I" "C" 
DIAMETER DIAMETER, DIAMETER, THICKNESS, STIFFNESS@ 5% kg./6m mm2/mm cm4/cm mm 

AVERAGE AVERAGE MINIMUM DEFLE.CTION (lbsJ20 ft.) 

100 mm ·104 mm 120 mm 0.5mm 340 kN/m2 4.08 kg 1.59 0.010 3.06 
(4j') (4.1 O") (4.78 11

) (0.02011
) 50 psi (9.00 lps) (0.0q3 in2/in) (0.0006 in"/in) (0.12 in) 



Burns and Richard Solution 

PIPE PARAMETERS - AASHTO M294 Tyge S 

effective radius (in), R =3.25 

outside diameter (in), D = 6.92 

thickness (in), t = 0.46 

unit area of wall (irr /in), A = 0.107 

unit moment of inertia (ir1 /in), I = 0.0036 

flexural modulus (psi), Fi = 110,000 

ring compression modulus (psi), f;c = 110,000 

flexural stiffness (psi), ~ = 6Etl/R
3 

= 69 

ring compression stiffness (psi), ~ = ErcA/R = 3,622 

distance from inner waif ton.a. (in), c =0.25 

SOIL PARAMETERS - good granular soil 

mod of soil reaction at 5' of cover (psi), Ei,' = !ll~}j\} 
modulus of soil reaction (psi), E' =3,364 

Poisson's ratio, u = @~gJ\]\i\:J 
constr mod (psi), M*=E*(1-u)/((1 +u)(1-2u))=4527.97 

lateral stress ratio = K = u/(1-u) =0.429 

sym lateral stress ratio = B = (1 /2)(1 +K) =0.714 

antisym lat stress ratio = C = (1 /2)(1-K) =0.286 

SOIL/STRUCTURE PARAMETERS (full sliRRage) 

ring flexibility ratio, UF =(1 +K)M*/)&: = 1.79 

bending flexibility ratio, VF = (1-K)M* IK= 37.4 

STRESS FUNCTION COEFFICIENTS 

constant term,~•= 0.183 

cos(2*theta), <½
0 = 0.964 

sin(2*theta), ~ .. = 0.946 

LOAD PARAMETERS 

hefg:;:, :~::::: ::~'.:~b!}: 111111! 
surcharge pressure (psi), P =50.0 

6" AUS N-12 8/30/2001 

RESPONSE OF PIPE WALL CALCULATION OF RING SHORTENING 

deg radial circum wall ring inner outer total deg ring ring ring 

c.c.w. soil radial tang wall bend comp bend bend stress c.c.w. comp comp shorteni ng 

from press defl defl thrust mom(M stress stress stress inner outer from stress strain 

horiz Pr(psi) w(in) v(in) N(#/in) (#-lb/in) (psi) (psi) (psi) (psi) (psi) horiz (psi) (in/in) (in) 

0 27.6 -0.022 0.000 96 6 -901 -444 373 -1346 -528 0 -901 -0.008195 -0.0046 

10 27.7 -0.019 0.008 96 6 -900 -422 354 -1322 -546 10 -900 -0.0082 -0.0046 

20 28.0 -0.011 0.016 96 5 -898 -356 299 -1254 -598 20 -898 -0.008161 -0.0046 

30 28.4 0.002 0.021 96 4 -894 -256 215 -1150 -678 30 -894 -0.008124 -0.0046 

40 28.9 0.018 0.024 95 2 -889 -133 112 -1022 -776 40 -889 -0.008077 -0.0046 

50 29.4 0.035 0.024 94 0 -883 -3 2 -886 -881 50 -883 -0.008028 -0.0046 

60 ' 29.9 0.050 0.021 94 -2 -878 120 -101 -758 -979 60 -878 -0.007982 -0.0045 

70 30.3 0.063 0.016 94 -3 -874 220 -185 -654 -1059 70 -874 -0.007944 -0.0045 

80 30.6 0.071 0.008 93 -4 -871 285 -240 -586 -1111 80 -871 -0.00792 -0.0045 

90 30.7 0.074 0.000 93 -4 -870 308 -259 -562 -1129 90 -870 -0.007911 -0.0045 

100 30.6 0.071 -0.008 93 -4 -871 285 -240 -586 -1111 100 -871 -0.00792 -0.0045 

110 30.3 0.063 -0.016 94 -3 -874 220 -185 -654 -1059 110 -874 -0.007944 -0.0045 

120 29.9 0.050 -0.021 94 -2 -878 120 -101 -758 -979 120 -878 -0.007982 -0.0045 

130 29.4 0.035 -0.024 94 0 -883 -3 2 -886 -881 130 -883 -0.008028 -0.0046 

140 28.9 0.018 -0.024 95 2 -889 -133 112 -1022 -776 140 -889 -0.008077 -0.0046 

150 28.4 0.002 -0.021 96 4 -894 -256 215 -1150 -678 150 -894 -0.008124 -0.0046 

160 28.0 -0.011 -0.016 96 5 -898 -356 299 -1254 -598 160 -898 -0.008161 -0.0046 

170 27.7 -0.019 -0.008 96 6 -900 -422 354 -1322 -546 170 -900 -0.0082 -0.0046 

180 27.6 -0.022 0.000 96 6 -901 -444 373 -1346 -528 180 -901 -0.008195 -0.0046 

COMMENTS SUM (1/2 circle)= -0.0869 

1. This is 6" diameter ADS N-12 MISC CALCS 

2. Flexural and compressive modulus are taken as 110,000 psi. Vertical deflection (%) = [[1(l/t(i(/[/!!~~i~ 
3. Typical E5 values (in psi) for various soils are listed in the table below: 

:: 
Horizontal deflection (%) = 

-· Standard AASHTO Critical Buckling Pressure (psi), (li/i\ljij(\j)~ 
Type of soil Relative Compaction Radial Soil Pressure at Crown (psi), flt= !!!l!:::1:~; 

85% 

Fine-grained soils with less than 25% sand (CL, ML, DL-ML) 500 

Coarse-grained soils with fines (SM, SC) 600 

Coarse-grained soils with little or no fines (SP, SW, GP, GW) 700 

Max. Compressive Stress 

-1345.9 OK{< -3000) 

Max. Tensile Stress 

-528.05 OK(< 1000) 

90% 

700 

1000 

1000 

95% Arc length of each sector (in) = 
:: 

1000 

1200 CIRCUMFERENCE SHORTENS= i!:i}i:ii~~Q(~)\ 
1600 

Circumfence Shortening % (2% Max) 

-0.0079 OK 

Calculations by: ________ _ 
Title 



Table3 
CIRCULAR PIPE FLOW CAPACITY 

Full Flow ( cubic feet per second) *Conv. Factor= (1.486xR213xA)/n (English) 

Manning's "n" = 0.012 Full Flow ( cubic meters per second) *Conv. Factor= (1.0xR213xA)/n (fv1etric) 

Diameter I *Conv (% Slope) ft/100ft, m/100m 
(in.) I (mm.) I Factor 0.02 0.05 0.10 0.20 0.35 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.50 5.00 10.00 20.00 

4 2.04 0.0289 0.0457 0.0647 0.0914 0.1210 0.1446 0.1771 0.2045 0.2286 0.2504 0.2705 0.2892 0.3233 0.4572 0.6466 0.9144 

100 0.06 0.0008 0.0012 0.0017 - 0.0025 0.0033 0.0039 0.0048 0.0055 0.0062 0.0068 0.0073 0.0078 0.0087 0.0124 0.0175 0.0247 

6 6.04 0.0854 0.1350 0.1909 0.2700 0.3571 0.4269 0.5228 0.6037 0.6749 0.7393 0.7986 0.8537 0.9545 1.3498 1.9090 2.6997 

150 0.16 0.0023 0.0036 0.0052 0.0073 0.0097 0.0115 0.0141 0.0163 0.0182 0.0200 0.0216 0.0231 0.0258 0.0365 0.0516 0.0730 

8 13.01 0.1840 0.2910 0.4115 0.5820 0.7699 0.9202 1.1270 1.3013 1.4549 1.5938 1.7215 1.8403 2.0576 2.9098 4.1151 5.8197 

200 0.35 0.0050 0.0079 0.0111 0.0157 0.0208 0.0249 0.0305 0.0352 0.0393 0.0431 0.0465 0.0498 0.0556 0.0787 0.1112 0.1573 

10 23.61 0.3339 0.5280 0.7467; 1.0560 1.3969 1.6696 2.0449 2.3612 2.6399 2.8919 3.1236 3.3392 3.7334 5.2798 7.4668 10.5596 
f 

250 0.64 0.0090 0.0143 0.0202 :_ 0.0285 0.0378 0.0451 0.0553 0.0638 0.0714 0.0782 0.0844 0.0903 0.1009 0.1427 0.2018 0.2855 

12 38.42 0.5433 0.8591 1.2149 1.7182 2.2729 2.7166 3.3272 3.8419 4.2954 4.7054 5.0824 5.4333 6.0746 8.5908 12.1492 17.1815 

300 1.04 0.0147 0.0232 0.0328 0.0464 0.0614 0.0734 0.0899 0.1039 0.1161 0.1272 0.1374 0.1469 0.1642 0.2322 0.3284 0.4645 

15 69.71 0.986 1.559 2.204 3.118 4.124 4.929 6.037 6.971 7.794 8.538 9.222 9.859 11.022 15.588 22.044 31.175 

375 1.88 0.027 0.042 0.060 0.084 0.111 0.133 0.163 0.188 0.211 0.231 0.249 0.267 0.298 0.421 0.596 0.843 

18 113.43 1.604 2.536 3.587 5.073 6.710 8.020 9.823 11.343 12.681 13.892 15.005 16.041 17.934 25.363 35.868 50.725 

450 3.07 0.043 0.069 0.097 0.137 0.181 0.217 0.266 0.307 0.343 0.376 0.406 0.434 0.485 0.686 0.970 1.371 

21 171.18 2.421 3.828 5.413 7.656 10.127 12.104 14.825 17.118 19.139 20.965 22.645 24.209 27.066 38.278 54.133 76.555 

530 4.75 0.067 0.106 0.150 0.212 0.281 0.336 0.411 0.475 0.531 0.581 0.628 0.671 0.750 1.061 1.501 2.123 

24 244.5r 3.458 5.467 7.732 10.935 14.465 17.289 21.175 24.451 27.337 29.946 32.346 34.579 38.660 54.674 77.321 109.348 

600 6.61 0.093 0.148 0.209 0.296 0.391 0.467 0.572 0.661 0.739 0.810 0.874 0.935 1.045 1.478 2.090 2.956 

27 334.87 4.736 7.488 10.589 14.976 19.811 23.679 29.000 33.487 37.439 41.013 44.299 47.358 52.947 74.879 105.895 149.758 

680 9.23 0.131 0.206 0.292 0.413 0.546 0.653 0.800 0.923 1.032 1.131 1.221 1.306 1.460 2.064 2.920 4.129 

30 443.66 6.27 9.92 14.03 19.84 26.25 31.37 38.42 44.37 49.60 54.34 58.69 62.74 70.15 99.20 140.30 198.41 

760 12.43 0.18 0.28 0.39 0.56 0.74 0.88 1.08 1.24 1.39 1.52 1.64 1.76 1.96 2.78 3.93 5.56 

36 721.87 10.21 16.14 22.83 32.28 42.71 51.04 62.52 72.19 80.71 88.41 95.49 102.09 114.14 161.42 228.28 322.83 

900 19.51 0.28 0.44 0.62 0.87 1.15 1.38 1.69 1.95 2.18 2.39 2.58 2.76 3.09 4.36 6.17 8.73 

42 1089.45 15.41 24.36 34.45 48.72 64.45 77.04 94.35 108.95 121.80 133.43 144.12 154.07 172.26 243.61 344.52 487.22 

1050 29.45 0.42 0.66 0.93 1.32 1.74 2.08 2.55 2.95 3.29 3.61 3.90 4.17 4.66 6.59 9.31 13.17 

48 1556.14 22.01 34.80 49.21 69.59 92.06 110.04 134.77 155.61 173.98 190.59 205.86 220.07 246.05 347.96 492.09 695.92 

1200 42.07 0.59 0.94 1.33 1.88 2.49 2.97 3.64 4.21 4.70 5.15 5.56 5.95 6.65 9.41 13.30 18.81 

60 2823.56 39.93 63.14 89.29 126.27 167.04 199.66 244.53 282.36 315.68 345.81 373.52 399.31 446.44 631.37 892.89 1262.73 

1500 76.33 1.08 1.71 2.41 3.41 4.52 5.40 6.61 7.63 8.53 9.35 10.10 10.79 12.07 17.07 24.14 34.14 
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ENGINEERING COlVIPUTATION SHEET 
________________________ SHEET _____ OF _____ _ 

·35/ JJuiu,;,: Drtv.,, Ciuc11111u11, Ohio .J.S:!-19 Phu11,: (J IJJ.J,SY-t,~SY Fur fj/1(.J,W. ·:u.J 

PROJECT I PROPOSAL NA.ME PREP:\Rf.D CHECKED PROJECT I PROPOSAL. NUMBER 

BY: BY 

DATE. DATE: 

SUBJECT: 

Volumes Estimates for the Regrading the Final Covers of Sires 9 and 9A. 

PURPOSE AND OBJECTIVE: 

The following computations were preformed to estimate the amount of cur and fill required to 

reconfigure the existing landfill cover to the thickness, grades and elevations described in the 
proposed site design. 

DESIGN ASSUi\1PTIONS AND CONDITIONS: 

1. The final cover is constructed in confonnance with the design grades and elevations. 

2. There is no significant swell factor experienced when excavating the existing final cover 
for reuse, and there is no significant compaction in-place of the proposed final cover. 

METHODOLOGY: 

The cut and fill volume computations were prefonned using Terrarnodel Release 9.6 by Spectra 
Precision. 

MATERIAL CHARACTERIS-~),CS: 

Existing cover soils, as far as possible, will be excavated and reused for the propcsed final cover. 

C OlYIPUT A TIO NS: 

Refer to anached printouts. 

CONCLUSIONS: 

To reconfigure the final cover of Site 9 will require approximarely 37,000 cubic yards of cur and 
33,000 cubic yards of fiil. Site 9A will require approximately 48,000 cubic yards of cut and 
51,000 cubic yards of fill. Over all the proposed final grades provide a balance bet\1/een cut and 

fill. 

PAGE 1 



+ + + + 
+ 

+ 

+ 

+ 

+ 

+ + 
...!.. 



+ + + + + + 

+ 

+ 

+ 

+ 

+ 

+ 

+ + + + ...;.. + 



) S9ect=a P=ecision Scftwa=e, I~c. 
5901 Peacht=ee-Dunwoody Rd., Su~:e A-300 
Atlanta, GA 30328-5548 
800-235-4972 
Wed Aug 30 15:21:29 2000 

DTM TO DTM VOLUME 

,..._,/' 

Cut and Fill Volu..~es 

Volume limited to bounda=y =eco=d 794 
A=ea within bounda=y: 1911648.353 SQ~= 
To~al t=iangu:ated area: 1789832.245 SQ-~ 

Original DTM 
Layer Name 

Z-2XISTING 

Cut Volume 
(yci3) 

37,202.8 

Cut 

* of 
Points 

20,926 

Cumulative 
Cut: Volume 

37,202.8 

Net Difference: 3841.2 yd3 WASTS 

1.0000 

?i:ial DTM 
Laye= Name 

Z-PRO!? 

Fill Volume 
(yd3) 

33,361.6 

Cumulative Net Dif=erence: 3841.2 yd3 WASTE 

Fil2.. l.0G00 

224 

Curnula t: i ~,e: 
Fill Volu..~e 

33,36:..6 



OTM TO DTM VOLUME 

Spect=a P=ecision Sot~wa=e, I~c. 
5901 ?eachc=ee-Dunwoody Rd., Sui~e A-300 
A~lanta, GA 30328-5548 
800-235-49,2 
Wed A~g 30 l=:20:26 2000 

PS.OJ'::CT: f: \CERONO\DPD\Ma.cornb\Design\macomb. ;:=;:;::c-sec. ;,:-,:) 

Cut and Fill Volumes 

Volume limi;:ec. tc bounda.=·y reccrd 793 
A=ea wi~~in ~cunda=y: 3094031.346 SQ~ 
To~al ~riangulated area: 2879512.704 SQ fT 

Sh=inkage/swell :ac~crs: l. 0000 :ill 1.0000 

Original DTM 
Laye= Name 

Cut Volume 
(yd3) 

47,761.1 

* cf :inal DTM ::=:: o= 
?oints Layer Name Pcin~s 

20,926 Z-??-0? 224 

Cll..~ulacive :ill Volume Cumula~i,e 
C1-:.t Volume (yd3) Fill Vol'..:.Ine 

47,761.1 50,853.4 50,853.4 

Ne~ Difference: 3092.3 yc3 BORROW 
Cumulative Nee Difference: 3092.3 yd3 BORROW 
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THE SCHEDULE 

* Major submission/milestones of the schedule where stipulated penalties will apply for failure to 
meet the schedule, pursuant to Paragraph 5.6, Paragraph 12.2 and Section XVIII of the consent 
decree of July 11, 2001. 

SUBMISSION/MILESTONE 

* Implement Remedial Action Plan 

Leachate and Groundwater Management Plan 
-

Landfill Gas Vent and Probe Installation Plan 

* QAPP/Field Sampling Plan 

* Start Groundwater Sampling Program 

Propose Locations of Background Wells 

Install Background Wells 

Install Six Transducers 

* Additional Design Plans for Treatment and/or 
Disposal Systems 

* Provision of Mitigation Measures for any 
Aesthetically Impacted Residential Wells 

Monitoring Well Installation Plan 

Piezometer Installation Plan 

*Complete Installation of Piezometers and 
Monitoring Wells 

* Startup of Leachate and Collection 
Systems 

* Record Restrictive Covenants 

DUE DATE 

Thirty (30) days from entry of Consent 
Decree 

March 31, 2002 

March 31, 2002 

March 31 , 2002 

March 31 , 2002 

December 30, 2001 

Within 3 months of MDEQ approval of 
background well locations 

Within sixty (60) days of MDEQ approval 

Prior to starting construction of these 
elements 

March 31, 2002/ or within forty-five (45) 
days of discovery for any wells impacted 
after March 31, 2002. 

March 31, 2002 

March 31, 2002 

July 9, 2002 

September 7, 2002 

Twenty-one (21) days after completion of 
construction of the initial leachate 
collection/treatment system 



SUBMISSION/MILESTONE 

* Complete Cap Improvements (Including 
Permanent Marker Installation) 

* Complete Gas Vent Installation 

Initial Well Abandonment Plan 

Submit Background Data 

Extraction Well Design Plan 

* Start Pumping Groundwater Extraction Wells 

* Demonstrate "Capture" of Contaminant Plumes 

* Operation and Maintenance Plan Updates 

Final Well Abandonment Plan 

DUE DATE 

October 15, 2002 

November 26, 2002 

December 30, 2002 

October 15, 2003 

May 31, 2003 

Within 15 Months After Startup of the 
Leachate Collection System 

Four (4) years from start date of leachate 
collection 

Every 5 years and upon completion of 
design, construction and significant 
modifications 

Sixty (60) days after completion of long
term monitoring 
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1.0 INTRODUCTION 

This Health and Safety Plan (HASP) has been prepared for remediation of the Macomb County 
Landfill. The project involves remediation of the landfill and associated activities in which 
personnel are not expected to come in contact with potentially hazardous materials. Major work 
items include the following activities: 

i) Installation of a groundwater interceptor and sumps 
ii) Construction of leachate collectors and sumps; 
iii) Construction of gas vents; 
iv) Construction of leachate management system 
v) Clearing and grubbing 
vi) Regrading of final cover 
vii) Construction of the final cover soil layer and seeding, mulching and fertilizing. 

This HASP is designed to ensure: 

i) 

ii) 

iii) 

That personnel working on Site are not exposed to hazardous materials which 
could adversely affect their health and safety; 
That the health and safety of the general public and the environment is not 
compromised by on-Site activities; and 
Compliance with applicable governmental and non-governmental (American 
Conference of Governmental· Industrial Hygienists (ACGIH) regulations and 
guidelines. 

All site operations will be conducted in accordance with the provisions of the HASP. 



2.0 BASIS 

The Occupational Safety and Health Administration (OSHA) Standards and Regulations 
contained in Title 29, Code of Federal Regulations, Parts 1910 and 1926 (29 CFR 1910 and 
1926) will provide the basis for this HASP. The plan also reflects the position of the United 
States Environmental Protection Agency (USEPA) and National Institute for Occupational Safety 
and Health (NIOSH) regarding procedures required to ensure safe operations at sites containing 
hazardous or toxic materials. 

2 
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3.0 SITE CHARACTERIZATION 

The Macomb County landfill consists of two sites, 9 and 9A. Site 9 is approximately 43 acres 
and contains approximately 680,000 cubic yards of waste. Site 9A is approximately 71 acres and 
contains approximately 1,200,000 cubic yards of waste. Both sites are closed. 

Implementation of work activities at the Macomb County Landfill are not expected to expose 
workers to chemical health and safety hazards as the Macomb County Landfill has been 
classified as a Type II municipal solid waste landfill and the landfill has been covered with a 
clean soil barrier layer. A physical hazard analysis for construction activities is presented in 
Table 1.2. 
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Table 1.1 

IDENTIFIED CONTAMINANTS 
MACOMB COUNTY LANDFILL 

MACOMB COUNTY, MICHIGAN 

(See attached spreadsheet summarizing groundwater and leachate sampling results performed at 
the site) 

4 
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Groundwater _M,. .,1g_Samphng 

WELLS LOCATED WITHIN THE LANDFILL 

Sump Well No. Well Identification Date Source Type of Well Depth of Sc.1mple ph 1, 1, 1, Trichlorc,ethane 1, 1,2,2 Tetrachloroethane 

Sump #1 108 SM-MW-108 3/8/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 108 SM-MW-108S 3/8/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 110 SWMW-110S 3/7/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 110 SM-MW-110 3/8/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 205 SM-MW-205 3/7/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 205 SM-MW-205 DUP 3/7/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 218 SM-MW-218 3/o/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 403 SM-MW-403 3/6/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 529 529-2-1 3/5/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 529 529-2-2 3/5/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 529 529-3-1 3/5/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 530 SM-MW-530-2-1 2/29/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 530 SM-MW-530-2-2 2/29/96 Dragun Monitoring 0.0000 0.0000 
[, 

Sump #1 530 SM-MW-530-2-3 2/29/96 , ;Dragun Monitoring 0.0000 0.0000 

Sump #1 530 SM-MW-530-3-1 2/29/96 ·'Dragun Monitoring 0.0000 0.0000 

Sump #1 548 SM-MW-548 3/6/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 554 SM-MW-554 3/6/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 556 SM-MW-556-23 3/6/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 558 558-22 3/5/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 563 SM-MW-563 3/6/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 565 SM-MW-565 3/6/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 565 SM-MW-565-23 3/6/96 Dragun Monitodng 0.0000 0.0000 

Sump #1 567 SM-MW-56 7-50 3/4/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 567 SM-MW-567-8 3/4/96 Dragun Monitoring 0.0000 n.0000 

Sump #1 571 SM-MW-571-68 3/1/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 575 SM-MW-575 3/6/96 Dragun Monitorin!j 0.0000 0.0000 

Sump #1 578 SM-MW-578-26 3/7/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 578 SM-MW-578-26 DUP 3/7/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 578 SM-MW-578-36 3/7/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 578 SM-MW-578-68 3/7/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 578 SM-MW-578-7D 3/7/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 579 SM-MW-579-21 3/7/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 579 SM-MW-579-62 3/7/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 219 219 3/5/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 558 558 3/5/96 Dragun Monitoring 0.0000 0.0000 

Sump #1 8832 8832 3/5/96 Dragun Monitoring 0.0000 0.0000 
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Groundwater _lvll- . ,ng_Sampling 

Well Identification 1, 1,2 Trichloroethane 1, 1 Oichloroethene 1,2 Oichloroett,ene 1,2 Oichloropropane 2-Butanone 2-Hexanonr. 4-Methyl-2-Pentanone Acetone 

SM-MW-10B 0.0000 0.0000 C.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-108S 0.0000 0.0000 Q,D(j[J(J noooo 0.0000 0.0000 0.0000 0.0000 

SW-MW-110S 0.0000 0.0000 0,CJOO(j 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-110 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW·205 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-205 OUP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-218 0.0000 - 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-403 0.0000 . 0.0000 0.0000 0.0054 0.0000 0.0000 0.0000 0.0000 

529-2-1 0.0000 0.0000 o.ooqq 0.0000 0.0000 0.0000 0.0000 0.0000 

529-2-2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

529-3-1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-530-2-1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-530.2-2 0.0000 0.0000 0.0000 0.0000 0.0000 .0.0000 0.0000 0.0000 

SMMW-530.2-3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-530-3-1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-548 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-554 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-556-23 0.0000 0.0000 0.0000 0.0000 39.0000 0.6600 0.0000 10.0000 

55B-22 0.0000 0.0000 0.0000 0.0054 12.0000 0.4800 0.1100 1.0000 

SM-MW-563 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-565 0.0000 0.0000 0.0000 0.0110 21.0000 0.5300 0.1300 9.0000 

SM-MW-565-23 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SMMW-567-50 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-567-B 0.0000 0.0000 0.000G 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-571-68 0.0000 0.0000 U.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SMMW-575 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-578-26 0.0000 0.0000 o.uooo 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-57B-26 □UP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SMMW-578-36 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-578-68 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-578-70 0.0000 0.0000 OGOGu 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-579-21 0.0000 0.0000 00000 0.0000 0.0000 o.uooo 0.0000 0.0000 

SM-MW-579-62 0.0000 0.0000 O.C:JOO 0.0000 aoooo 0.0000 0.0000 0.0000 

219 0.0000 0.0000 lJ.0(100 0.0000 0.0000 0.0000 0.0000 0.0000 

55B 0.0000 0.0000 0.l.)CJ(J(J 0.0000 0.0000 0.0000 0.0000 0.0000 

8832 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
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Groundwater _Ivie.. .,g_Samplirog 

Well Identification Benzene Bromodichlorometharoe Bromoform Bromon,ethan.a Carbon disulfide Carbon tetrachloride Chlorobenzene Chloroethane Chloroform 

SM-MW-108 0.0100 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-108S 0.0140 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SWMW-110S 0.0042 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-110 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-205 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-205 OUP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-218 0.0064 0.0000 - 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-403 0.0000 0.0000· 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

529-2-1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

529-2-2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

529-3-1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-530-2-1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-530-2-2 0.0130 0.0000,· 0.0000 0.0000 0.0023 0.0000. 0.0000 0.0000 0.0000 

SM-MW-530-2-3 0.0000 0.0000: , 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-530-3-1 0.0000 0.0000· 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-548 0.0000 0.0000 0.0000 0.0000 0.0000 □.DODD 0.0000 0.0000 0.0000 

SM-MW-554 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-556-23 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

558-22 0.□ 170 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-563 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-565 0.0210 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-565-23 0.0000 0.0000 0.0000 0.0000 0.0089 0.0000 0.0000 0.0000 0.0000 

SM-MW-567-50 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-567-8 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-571-68 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-575 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-578-26 0.0097 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-578-26 OUP 0.0095 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-578-36 0.0042 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-578-68 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-578-70 0.0000 0.0000 0.0000 0.0000 0.0000 00000 0.0000 0.0000 0.0000 

SM-MW-579-21 0.□ 100 0.0000 0.0000 0.0000 0.0000 0.0000 0.0013 0.0000 0.0000 

SM-MW-579-62 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

219 0.0010 0.0000 0.0000 0.0000 0.0058 0.0000 0.0140 0.0000 0.0000 

558 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

8832 0.0000 op□□□ 0.0000 0.0900 0.0220 0.0000 0.0000 0.0000 0.0000 
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Groundwater _tv g_Sampling 

Well Identification Chloromethane cis-1,3 Oichloropropene Oibromochlorormethane Ethylbenzene Methylene chloride Styrene Tetrachloroethene Toluene 

SM-MW-108 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-108S 0.0000 0.0000 0.0000 0.0043 0.0000 0.0000 0.0000 0.0000 

SW-MW-110S 0.0000 0.0000 0.000(1 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-110 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-205 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-205 OUP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0027 0.0000 

SM-MW-218 0.0000 .0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-403 0.0000 0.0000 0.0000 0.0200 0.0000 0.0000 0.0000 0.1800 

529-2-1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

529-2-2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

529-3-1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-530-2-1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-530-2-2 0.0000 ·0.0000 0.0000 0.0077 0.0000 0.0000 0.0000 0.0000 

SM-MW-530-2-3 0.0000 ; p.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-530-3-1 0.0000 · b.0000 O.OOGO 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-548 0.0000 0.0000 0.0000 0.□100 0.0000 0.0000 0.0000 0.0000 

SM-MW-554 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-556-23 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.6200 

558-22 0.0000 0.0000 0.0000 0.0040 0.3400 0.0000 0.0000 5.8CXXJ 

SM-MW-563 0.0000 0.0000 0.0000 0.0250 0.000G 0.0000 0.0000 0.0000 

SM-MW-565 0.0000 0.0000 0.0000 0.0250 1.3000 0.0000 0.0000 0.3CXXJ 

SM-MW-565-23 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-567-50 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-567-8 □.ODO□ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-571-68 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-575 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-578-26 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0014 

SMMW-578-26 □UP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0013 

SM-MW-578-36 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SMMW-578-68 0.0000 0.0000 U.0000 0.0000 0.0000. 0.0000 0.0000 0.0000 

SM-MW-578-70 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-5 79-21 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-579-62 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

219 0.0000 0.0000 0.0000 0.0030 0.0000 0.0000 0.0000 0.0000 

558 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

8832 0.0000 o.□□00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
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Gro,mdwater _tvlo, 11L _dampling 

Well Identification trans-1,3 Oichloropropene Trichloroethene Vinyl chloride cis-1,2 Dichloroethene trans-1,2 Dichloroethene Xylenes, total Aluminum Antimony 

SM-MW-108 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 50.0000 0.0023 

SM-MW-108S 0.0000 0.0000 0.0000 0.0000 0.0000 O.DDOO 50.DDOO 0.0018 

SW-MW-110S 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1100 0.0022 

SM-MW-110 0.0000 0.0000 0.0000 0.0000 O.DDOO 0.0000 0.1000 0.0026 

SM-MW-205 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 50.0000 1.0000 

SM-MW-2050UP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.2100 0.0014 

SM-MW-218 0.0000 0.0000 0.0000 0.0000 0.0000 O.DDOO 50.0000 1.0000 

SM-MW.403 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.2000 0.0039 

529-2-1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 50.0000 0.0049 

529-2-2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 50.0000 0.0027 

529-3-1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0900 1.0000 

SM-MW-530.2-1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 50.0000 0.0022 

SM-MW-530.2-2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0161 50.0000 0.0029 

SM-MW-530.2-3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 50.0000 0.0010 

SM-MW-530.3-1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 50.0000 0.0016 

SM-MW-54B 0.0000 0.0000 0.0000 0.0000 0.0000 0.0170 0.1300 0.0014 

SM-MW-554 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.4400 0.0016 

SM-MW-556-23 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.1000 0.0011 

558-22 0.0000 0.0000 0.0000 0.0000 O.DDOO 0.0120 50.0000 0.0070 

SM-MW-563 0.0000 □.DODD 0.0000 0.0000 0.0000 0.0440 0.2900 0.0034 

SM-MW-565 0.0000 0.0450 0.1200 0.0000 0.0000 0.0400 1.6000 0.0020 

SM-MW-565-23 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 2.B000 0.0010 

SM-MW-567-50 0.0000 0.0000 o.oono 0.0000 0.0000 0.0000 50.0000 0.0016 

SM-MW-567-8 0.0000 0.0000 0.0000 0.0000 □.ODDO 0.0000 50.0000 0.0019 

SM-MW-5 71-68 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1600 0.0046 

SM-MW-575 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0600 0.0013 

SM-MW-578-26 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0600 1.0000 

SM-MW.5 7B-26 OUP 0.0000 0.0000 0.0000 0.0000 0.0000 O.CXJOO 50.0000 0.0020 

SM-MW-578-36 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.14B0 1.CXJOO 

SM-MW-57B-68 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1100 1.0000 

SM-MW-57B-70 0.0000 0.0000 0.0000 0.0000 0.0000 O.DDOO 50.DDOO 1.0000 

SM-MW-579-21 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1800 0.0024 

SM-MW-579-62 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 50.0000 0.0031 

219 0.0000 0.0000 0.0000 0.0000 0.0000 0.0096 50.0000 0.0060 

558 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 50.0000 0.0019 

8832 00000 0.0000 0.0000 0.0000 0.0000 0.0000 50.0000 0.0064 
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Groundwater _Mor 1,. . ,g_Sarnpling 

Well Identification Arsenic Berylium Cadmium Chromium Copper Lead Nickel Selenium Barium Calcium Cobalt Iron 

SM-MW-108 0.0004 0.0048 20.0000 500000 0.0990 0.6900 124.0000 12.7000 

SM-MW-108S 0.2000 0.0035 20.000U 50.000CJ 0.0700 0.4300 236.0000 32.5000 

SW-MW-110S 0.0860 0.0003 0.0030 20.0000 50.0COO 0.0830 0.3800 105.0000 13.0000 

SM-MW-110 0.0290 0.0012 0.0110 20.0000 0.0560 01700 1.0660 20.1000 2.3700 

SM-MW-205 1.0000 0.0003 0.0016 20.0000 50.0000 50.0000 0.1300 0.0231 100.0000 

SM-MW-205 □UP 0.2000 1.0000 20.0000 50.0000 50.0000 0.1280 22.6000 100.0000 

SM-MW-218 0.2400 0.2000 0.0029 20.0000 50.0000 0.0770 0.7800 84.6000 10.0000 

SM--MW-403 0.0160 0.0420 44.0000 0.3900 0.1700 0.5600 91.8000 27.0000 

529-2-1 0.0018 0.2000 0.0037 20.0000 50.0000 50.0000 0.5500 125.0000 8.9000 

529-2-2 0.0015 0.2000 0.0068 20.0000 50.0000 50.0000 1.0270 105.0000 5.5300 

529-3-1 0.0018 0.0002 1.0000 20.0000 50.0000 50.0000 0.0570 23.0000 0.1220 

SM-MW-530-2-1 0.0036 0.3000 1.0000 20.0000 50.0000 50.0000 0.0025 160.0000 1.6000 

SM-MW-530-2-2 0.1300 0.2000 0.0044 20.0000 50.0000 50.0000 0.2000 .157.0000 23.2000 

SM-MW-530-2-3 0.2000 20.0000 50.0000 50.0000 2.1000 211.0000 13.0000 

SM-MW-530-3-1 0.2000 . 1.0000 20.0000 50.0000 50.0000 0.0024 9.6000 100.0000 

SM-MW-548 0.1100 0.2000 0.0038 20.0000 50.0000 50.0000 1.6000 106.0000 37.0000 

SM-MW-554 0.0094 0.2000 1.0000 20.0000 50.0000 50.0000 0.0670 33.7000 0.6000 

SM-MW-556-23 5.0000 1.0000 0.0020 20.0000 50.0000 50.0000 0.7200 1,750.0000 666.0000 

558-22 0.□100 0.0004 0.0078 20.0000 50.0000 50.0000 0.1400 448.0000 67.0000 

SM--MW-563 0.0010 0.0075 20.0000 0.1300 0.1000 0.2400 111.0000 66.0000 

SM-MW-565 5.0000 0.0002 0.0066 20.0000 50.000u 50.0000 2.3000 2,250.0000 1,014.0000 

SM-MW-565-23 0.0180 0.2000 0.0015 20.0000 50.0000 50.0000 0.3000 153.0000 7.4000 

SM-MW-567-50 0.2000 0.0024 20.0000 50.0000 50.0000 0.3800 131.0000 4.1000 

SM-MW-567-8 0.0800 1.0000 0.0057 20.0000 50.0000 50.0000 0.6100 167.0000 15.0000 

SM-MW-571-68 0.2000 1.0000 20.0000 50.0000 50.0000 0.□170 42.7000 100.0000 

SM-MW-575 0.2000 1.0000 20.0000 50.0000 50.0000 0.0960 95.0000 3.1000 

' SM-MW-578-26 0.2500 0.2000 0.0030 20.GOOO 50.000G 0.0700 0.3250 125.0000 23.4000 

SM-MW-578-26 DUP 0.2400 0.2000 0.0028 20.0000 50.0000 0.0690 0.3150 125.0000 22.6000 

SM-MW-578-36 0.2000 0.2000 00032 20.0000 50.0000 0.0670 1.0860 102.0000 9.2000 

SM-MW-578-68 0.2000 1.0000 20.0000 50.0000 50.0000 0.1150 89.8000 1.0600 

SM-MW-578-70 0.3100 0.2000 0.0037 20.0000 50.0000 0.1200 1.7400 129.0000 8.1600 

SM--MW-579-21 0.1500 0.2000 0.0030 20.0000 50.0000 50.0000 0.1800 121.0000 26.2000 

SM-MW-579-62 0.2000 1.0000 20.0000 50.0000 50.0000 0.0560 25.7000 100.0000 

219 0.0018 0.2000 0.0019 20.0000 50.0000 50.0000 0.2300 129.0000 3.9000 

558 0.0080 0.2000 1.0000 20.0000 50.0000 50.0000 0.0660 26.4000 100.0000 

8832 1.0000 0.2000 1.0000 20.0000 50.0000 50.0000 0.2520 86.8000 0.6500 
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Groundwater _M'- ,,1g_Sampling 

Well Identification Magnesium Manganese Potassium Sodium Vanadium Zinc Mercury Silver Thallium 

SM-MW-108 152.0000 0.0240 199.0000 334.0000 0.3400 

SM-MW-108S 57.0000 0.4500 70.0000 118.0000 0.3000 

SW-MW-110S 112.0000 0.2900 222.0000 238.0000 0.4200 

SM-MW-110 174.0000 20.0000 670.0000 520.0000 0.8300 

SM-MW-205 2.8000 20.0000 44.6000 138.0000 50.0000 

SM-MW-205 OUP 2.8000 20.0000 41.0000 144.0000 50.0000 

SM-MW-218 87.0000 0.0280 121.0000 163.0000 50.0000 

SM-MW-403 143.0000 0.1900 820.0000 373.0000 1.6000 

529-2-1 116.0000 0.0360 172.0000 118.0000 50.0000 

529-2-2 193.0000 20.0000 317.0000 198.0000 50.0000 

529-3-1 12.0000 20.0000 16.5000 12.2000 50.0000 

SM-MW-530-2-1 . 23.3000 1.7280 1.1200 2.9000 50.0000 

SM-MW-530-2-2 53.0000 0.0560 128.0000 58.3000 50.0000 

SM-MW-530-2-3 210.0000 0.0270 59.bboo 652.0000 50.0000 

SM-MW-530-3-1 8.0000 20.0000 10.3000 19.2000 50.0000 

SM-MW-548 111.0000 0.2500 156.0000 150.0000 50.0000 

SMMW-554 17.5000 0.0350 5.0000 68.0000 50.0000 

SM-MW-556-23 400.0000 11.3000 710.0000 504.0000 0.1100 

558-22 184.0000 0.3370 35.4000 186.0000 50.0000 

SM-MW-563 187.0000 0.1400 174.0000 538.0000 0.1400 

SM-MW-565 450.0000 8.9000 307.0000 6,437.0000 0.3600 

SM-MW-565-23 90.0000 0.1500 3.4400 23.8000 :30.0000 

SMMW-567-50 72.0000 0.0500 4.9000 105.0000 0.0700 

SM-MW-567-8 152.0000 0.1800 75.0000 546.0000 500000 

SMMW-571-68 1,000.0000 20.0000 5.1000 34.3000 50.0000 

SMMW-575 31.1000 1.4000 54.0000 66.1000 Fi0.0000 

SMMW-578-26 53.0000 0.0620 134.0000 49.9000 0.0780 

SMMW-578-26 □UP 50.0000 0.0600 134.0000 48.8000 50.0000 

SM-MW-578-36 82.0000 0.0970 192.0000 110.0000 50.0000 

SMMW-578-68 33.6000 0.0740 3.1200 26.9000 50.0000 

SM-MW-578-70 165.0000 0.0220 187.0000 306.0000 0.6700 

SM-MW-579-21 55.0000 0.0650 123.0000 47.7000 50.0000 

SMMW-579-62 10.3000 0.0280 6.4000 30.8000 50.0000 

219 79.0000 0.0770 80.0000 71.4000 50.0000 

558 11.7000 00280 3.7400 44.6000 50.0000 

8832 37.8000 0.0710 10.9000 82.6000 0.8930 
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POTENTIALLY IMPACTED WELLS (NORTH AND WEST OF THE LANDFILLS) 

Sump Well No. Well Identification Date Source Type of Well Depth ot Sample ph 1, 1, 1, Trichloroethanf3 1, 1,2,2 Tetrachloroethane 

Sump #2 & #3 3 MW-3.1 7/25/83 CH2M-Hill Monitoring 

Sump #2 & #3 3 MW-3.2 9/21/83 CH2M-Hill ~.1onitc.ing 

Sump #2 & 113 3 MW-3.3 3/30/84 CH2M-Hill Moniloring 7,1 

Sump 112 & 113 3 MW-3.4 3/20/86 CH2M-Hill Monitoiing 7.6 

Sump 112 & 113 3 MW-3.5 6/16/86 CH2M-Hill Monitoring 7.3 

Sump 112 & #3 3 MW-3.6 3/3/87 CH2M-Hill Monitoring 7.7 

Sump 112 & #3 3 MW-3.7 3/3/87 CH_?M-Hill Monitoring 8.0 

Sump #2 & #3 3 BK-MW-3 2/3/00 · CAA Background O.OCXXJ O.OCXXJ 

Sump #2 & #3 6 MW-6.1 7/25/83 CH2M-Hill Monitoring 

Sump 112 & #3 6 MW-6.2 9/21/83 CH2M-Hill Monitoring 

Sump #2 & #3 6 MW-6.3 3/30/84 CH2M-Hill Monitoring 7.l 

Sump /12 & 113 6 MW-6.4 3/20/86 CH2M-Hill MonitC1ring 7.3 

Sump #2 & #3 6 MW-6.5 6/16/86 CH2M-Hill Monitoring 6.8 

Sump 112 & #3 6 MW-6.6 3/3/87 :C~2M-Hill Monitoring 7.2 

Sump #2 & 113 6 MW-6.7 3/3/87 CH2M-Hill Monitoring 7.1 

Sump 112 & 113 8 MW-8.1 7/25/83 CH2M-Hill Monitoring 

Sump #2 & #3 8 MW-8.2 9/21/83 CH2M-Hill Monitoring 

Sump 112 & #3 8 MW-8.3 3/30/84 CH2M-Hill Monitorinp 7.0 

Sump #2 & #3 8 MW-8.4 3/20/86 CH2M-Hill Monitoring 6.7 

Sump #2 & #3 8 MW-8.5 6/16/86 CH2M-Hill Monitoring 6.6 

Sump #2 & #3 8 MW-8.6 3/3/87 CH2M-Hill Monitoring 6.7 

Sump #2 & 1/3 8 MW-8.7 3/3/87 CH2M-Hill Monitoring 6.8 

Sump 112 & 1/3 9 MW-9.1 7/25/83 CH2M-Hill Monitoring 

Sump 1/2 & 113 9 MW-9.2 9/21/83 CH2M-Hill Monitoring 

Sump 112 & 113 9 MW-9.3 3/30/84 CH2M-Hill Monitoring 6.1:i 

Sump 1/2 & 113 9 MW-9.4 3/20/86 CH2M-Hill Monitonng 6.4 

Sump 1/2 & 1/3 9 MW-9.5 6i16/86 CH2M-Hill Monitoring 6.J 

Sump 112 & 113 9 MW-9.6 3/3/87 CH2M-Hill Monitonng 6.7 

Sump 1/2 & 1/3 9 MW-9.7 3/3/87 CH2M-Hill Monituring E.5 

Sump 1/2 & 113 103 SM-MW-103 3/1/96 Dragun Monitoring 0.0000 0.0000 

Sump 112& 113 104 SM-MW-104 3/6/96 Dragun Monitoring 0.0000 0.0000 

Sump #2 & #3 9705 9705.1 10/18/99 CAA VAS 27 O.OCJOO 0.0000 

Sump 1/2 & /13 9705 9705.2 10/18/99 CAA VAS c!:? 0.0000 0.0000 

Sump 112 & #3 9705 9705.3 10/18/99 CAA VAS 1 i 0.0000 0.0000 

Sump 1/2 & #3 9705 9705.4 10/18/99 CAA VAS 1 r, 
l. 0.0000 0.0000 

Sump 112 & 113 9705 MW9705 1/7/00 CAA Monitoring 0.0000 0.0000 
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Well Identification 1, 1,2 Trichloroethane 1, 1 Dichloroethene 1,2 Oichloroethene 1,2 Oichloropropane 2-Butanone 2-Hexanone 4-Methyl-2-Pentanone Acetone 

MW-3.1 0.0200 

MW-3.2 0.0210 

MW-3.3 0.0180 0.0250 

MW-3.4 

MW-3.5 0.0150 00033 

MW-3.6 0.0000 iJ.Qll00 

MW-3.7 0.001!:3 

BK-MW-3 0.0000. 0.0000 O.OOCJG 0.0000 0.0000 0.0000 0.(X)OO 0.CXXJO 

MW-6.1 

MW-6.2 

MW-6.3 

MW-6.4 

MW.6.5 

MW-6.6 
{ i , , 

MW-6.7 

MW-8.1 

MWB.2 

MWB.3 

MW-8.4 

MW-8.5 

MW-8.6 

MWB.7 

MW-9.1 

MW-9.2 

MW.9.3 

MW-9.4 

MW-9.5 

MW-9.6 

MW-9.7 

SM-MW-103 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-104 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.CXXJO 

9705.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9705.2 0.0000 0.0000 □.DOG□ 0.0000 0.0000 0.0000 0.0000 0.0000 

9705.3 0.0000 0.0000 u.oooa 0.0000 0.0000 0.0000 0.0000 0.0000 

9705.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9705 0.0000 0.0000 u.ooon o.ooou 0.U000 0.0000 0.0000 0.0000 
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Gr-o1,;ndwatar _I\;,_ .g_Sampling 

Well Identification Benzene Bromodichloromethane Bromoform Bromumetha11e l).,rbon disulfide Carbon tetrachloride Chlorobenzene Chloroethane Chloroform 

MW-3.1 

MW-3.2 0.□ 100 

MW-3.3 0.0000 

MW-34 

MW-3.5 0.0000 

MW-3.6 0.0050 

MW-3.7 0.0066 

BK-MW-3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.OCXlO 

MW-6.1 

MW-6.2 

MW-6.3 0.0000 O.CXJO0 

MW-6.4 0.0000 0.0000 

MW-6.5 0.0000 0.0000 

MW-6.6 0.0000 0.0260 

MW-6.7 

MW-8.1 

MW-8.2 

MW-8.3 

MW-8.4 0.0040 

MW-8.5 

MW-8.6 

MW-8.7 

MW-9.1 
0.0500 

MW-9.2 0.□ 100 0.0000 0.0330 

MW-9.3 0.0075 0.0000 0.0000 

MW-9.4 0.0060 0.0000 0.0380 

MW-9.5 0.0000 0.005/ 0.0290 

MW-9.6 0.0000 o.ooon 0.CXJO0 0.0000 

MW-9.7 0.0070 0.0000 0.0000 0.0350 

SM-MW-103 0.0000 0.0000 0.0000 o.ouoo 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-104 0.0000 0.0000 0.0000 0.OUOO 0.uOOO 0.0000 0.0260 0.0000 0.0000 

9705.1 0.0000 0.0000 0.0000 0.0000 O.GQOO 0.0000 0.0000 0.0000 0.0000 

9705.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9705.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9705.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9705 0.0000 0.0000 0.0000 D.QOOO U.0000 0.0000 0.0000 0.0000 0.0000 
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( Groundwater _IV,, .ng_Sanipling 

Well Identification Chloromethane cis-1,3 Dichloropropene Dibromochlorormethane Ethylben2ene M1:1thylene chloride Styrene Tetrachloroethene Toluene 

MW-3.1 0.0000 0.0000 

MW-3.2 0.0000 O.OIXJO 0.0000 0.0000 

MW-3.3 01300 0.0000 0.0000 0.0000 

MW-3.4 0.0000 0.0000 

MW-3.5 0.0000 0.0000 0.0000 00160 

MW-3.6 0.0000 0.0000 0.0000 

MW-3.7 0.0000 0.0000 

BK-MW-3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-6.1 0.0000 0.0000 0.0000 0.0000 

MW-6.2 0.0000 0.0000 0.0000 0.0000 

MW-6.3 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-6.4 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-6.5 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-6.6 
: i 0.0430 0.0000 0.0000 0.0000 0.0000 
'r 

MW-6.7 0.0000 0.0000 0.0000 0.0000 

MW-8.1 0.0500 

MW-8.2 

MW-8.3 

MW-8.4 

MW-8.5 

MW-8.6 0.0000 

MW-8.7 

MW-9.1 0.0500 

MW-9.2 0.0000 u.mso 0.□190 

MW-9.3 
0.0800 0.0000 

MW-9.4 0.0000 0.0530 0.0000 

MW-9.5 
0.0530 0.0000 

MW-9.6 0.0000 0.0000 0.0000 

MW-9.7 
0.0070 

SM-MW-103 0.0000 0.0000 0.0000 O.0OOG 0.0000 0.0000 0.0000 0.0000 

SM-MW-104 0.0000 0.0000 Q.iJO(](] 0.0270 0.0000 0.0000 0.0000 0.0000 

9705.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9705.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9705.3 0.0000 0.0000 0.0IJ00 noooo 0.0000 0.0000 0.0000 0.0000 

9705.4 0.0000 0.0000 U.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9705 0.0000 0.00(]0 000()(] JOOOC 0.0000 0.0000 G.0000 0.0000 



Gr-ouridwater _rvi~ .,1g_Sampling 
) 

Well Identification trans-1,3 Dichloropropene Trichloroethene 'Jinyl chloridz ;::is-1,2 DichlorcethenE> trans-1,2 Dichloroetheni3 Xylenes, total Aluminum Antimony 

MW-3.1 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-3.2 0.0000 0.0000 0.0330 0.0000 0.0000 0.0000 

MW-3.3 0.0000 0.0000 G.0000 0.0000 0.0000 

MW-3.4 0.0000 0.0000 O.OOOQ 0.0000 0.0000 

MW-3.5 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-3.6 0.0000 0.0000 O.OOOG 0.0000 0.0000 0.0000 

MW-3.7 0.0000 0.0000 0.0000 0.0000 0.0000 

BK-MW-3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-6.1 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-6.2 0.0000 0.0000 0.0000 00000 0.0000 

MW-6.3 0.0000 0.0000 0.0000 'J.0000 0.0000 0.0000 

MW-6.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-6.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
I 

0.0000 0.G00O 0.0000 MW-6.6 0.0000 I I 0.0000 0.0040 

MW-6.7 0.0000 0.0000 0.()()()(1 0.0000 0.0000 

MW-8.1 

MW-8.2 

MW-8.3 

MW-8.4 

MW-8.5 

MW-8.6 

MW-8.7 

MW-9.1 

MW-9.2 
0.0250 

MW-9.3 
0.1100 

MW-9.4 
0.0770 

MW-9.5 
0.0730 

MW-9.6 

MW-9.7 
0.1000 

SMMW-103 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 50.0000 0.0037 

SM-MW-104 0.0000 0.0000 0.0000 0.0000 0.0000 0.0440 '11200 0.0016 

9705.1 0.0000 0.0000 Cl.0000 ·CJ.OuOO 0.0000 0.0000 

9705.2 0.0000 0.0000 0.0000 O.OCJOO 0.0000 O.COOO 

9705.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9705.4 0.0000 0.0000 o.onou 0.0000 0.0000 0.0000 

MW97□5 0.0000 .a.moo 0.0000 0.0000 0.0000 0.0000 0.0000 0.□179 
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Groundv,ater _tv, -~-S .. mpliilg 

Well Identification Arsenic Berylium Cadmium Chromium Copper Lead Nickel ~elenium Barium Calcium Cobalt Iron 

MW-3.1 0.0050 0.0200 0.0500 0.0300 0.05QO 0.0200 17.0000 

MW-3.2 0.0070 27.0000 

MW-3.3 0.0005 0.0200 0.0200 0.0500 0.0200 0.0500 0.0500 1.8900 353.0000 0.0200 5.8000 

MW-3.4 0.0200 0.0200 p.0500 0.0500 66.2000 0.1000· 

MW-3.5 0.0200 0.0500 0.0200 0.0500 0.0500 54.4000 0.1000 

MW-3.6 0.0270 0.0200 0.0200 0.1900 0.0300 54.0000 3.6000 

MW-3.7 0.0080 0.0200 0.0080 0.0200 0.0200 65.7000 0.0200 0.0480 

BK-MW-3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.9060 114.0000 0.0000 0.8760 

MW-6.1 0.0090 0.0100 0.0300 0.0500 0.0500 0.0200 21.0000 

MW-6.2 0.0060 13.0000 

MW-6.3 0.0005 0.0300 0.0200 0.0500 0.0200 0.0500 0.0500 1.0000 18.2000 (1.0500 0.1000 

MW-6.4 0.0200 0.0500 0.0200 0.0500 0.0500 12.3000 0.1000 

MW-6.5 0.0200 0.0500 0.0200 0.0500 0.0500 21.3000 0.1000 

MW-6.6 0.0020 0.0200 0.1400 0.0500 0.0900 47.0000 4.6000 

MW-6.7 0.0100 0.0200 0.0080 0.0280 0.0200 56.2000 0.0200 0.0520 

MW-8.1 0.0280 0.0100 0.0300 0.0700 0.0500 0.1000 29.0000 

MW-8.2 0.0190 20.0000 

MW-8.3 0.0023 0.0200 0.0200 0.0500 U.0200 0.05QO 0.0650 1.0000 175.0000 0.0500 7.8500 

MW-8.4 0.0200 0.0500 0.0200 0.0500 0.0500 273.0000 0.1000 

MW-8.5 0.0200 0.0500 0.0200 0.0500 0.0500 309.0CXJC 0.1000 

MW-8.6 0.0110 0.0200 0.0400 0.0t>OO O.ibOO 28.0000 53.0ClOO 

MW-8.7 0.0080 0.0200 U.0580 0.□700 151.0000 0.1100 

MW-9.1 0.0100 0.0300 0.01GO 0.0500 0.0080 74.0000 

MW-9.2 53.0000 

MW-9.3 0.0200 0.0200 0.0850 0.020iJ 0.0500 0.0050 1.0000 192.0000 0.0500 52.0000 

MW-9.4 0.0200 0.0500 0.0200 0.0500 0.0500 189.0000 18,300.0000 

MW-9.5 0.0200 0.0500 0.0200 0.0500 0.0500 250.0000 18.3000 

MW-96 0.0200 0.0200 0.2400 0.0600 180.0000 58.0000 

MW-9.7 0.□180 0.0200 0.0200 0.0200 0.0240 192.0000 0.0200 21.6000 

SM-MW-103 0.0004 0.0015 20.0000 5u.OOOO 50.0000 2.0450 121.0000 5.3000 

SM-MW-104 0.0180 0.0003 0.0017 20.0000 50.COOO 50.0000 0.2450 141.0000 20.0000 

9705.1 0.0050 0.0000 

9705.2 0.0040 0.0000 

97053 0.0020 0.3460 

9705.4 0.0010 0.0000 

MW9705 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 o.ouou 0.1060 140.0000 0.0000 0.0000 
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Gr c1undwater _1. ,ring_Sarnpling 
) 

Well Identification Magnesium Manganese Potassium Sodium Vanadium Zinc Mercury Silver Thallium 

MW-3.1 0.8300 12.0000 0.0005 

MW-3.2 1.2000 13.0000 

MW-3.3 113.0000 129.0000 219.0CIOO o.5500 0.0005 

MW-3.4 39.1000 93.0000 179.0000 2.3000 

MW-3.5 34.4000 0.0650 80.0000 163.0000 1.9000 

MW-3.6 17.0000 0.0600 160.0000 16.0000 

MW-3.7 30.9000 0.0620 97.oOPO 181.0000 1.6000 

BK-MW-3 61.7000 0.0420 7:5500 753.0000 0.0000 0.0000 0.0000 0.0000 

MW-6.1 0.4600 0.5200 0.0005 

MW-6.2 0.2400 0.2000 

MW-6.3 2.4000 1.1000 3.9000 0.1600 0.0005 

MW-6.4 3.3000 0.9000 6.0000 1.7000 

MW-6.5 5.8000 0.0450 1.1000 8.0000 1.5000 

MW-6.6 7.1000 0.7400 
I: 

5.5000 2.6000 I I 

MW-6.7 8.6000 0.6800 1.3000 4.0000 1.5000 

MW-8.1 1.9000 0.5100 0.0005 

MW-8.2 3.0000 0.3700· · 

MW-8.3 58.0000 51.0000 35.5000 0.5800 0.0005 

MW-8.4 57.0000 93.0000 51.6000 9.2000 

MW-8.5 68.0000 1.9000 103.0000 50.7000 4.3000 

MW-8.6 100.0000 3.0000 46.0000 3.0000 

MW•8.7 45.0000 3.0600 139.0000 10.4000 1.2000 

MW-9.1 0.9300 6.9000 iJ000b 

MW-9.2 1.1000 1.4000 

MW-9.3 26.7000 30.0000 43.6000 18.0000 0.0005 

MW-9.4 24.9000 23.7000 18.6000 11.0000 

MW-9.5 19.8000 0.2000 28.0000 17.0000 1.9000 

MW-9.6 20.0000 0.7900 14.0000 12.0000 

MW-97 20.9000 1.1000 20.4000 14.7000 7.13000 

SMMW-103 120.0000 0.0230 87.0000 248.0000 0.5380 

SMMW-104 57.0000 0.8280 90.0000 186.0000 0.2900 

9705.1 0.0222 

9705.2 0.0262 

9705.3 0.8860 

9705.4 0.1460 

MW9705 58.4000 1.5500 15.6000 48.9000 0.0000 0.0000 0.0000 0.0000 
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Groundwater-~•~ ,,ing_Samp:ing 

POTENTIALLY IMPACTED WELLS (EAST OF THE LANDFILL) 

Sump Well No. Well Identification Date Source Type of Well Depth of Sample ph 1, 1, 1, Trichloroethane 1, 1,2,2 Tetrachloroethane 

Sump #4 7 MW-7.1 7/25/83 CH2M-Hill Monitoring 

Sump 114 7 MW-7.2 .9/21/83 C.H~M-Hill Monitoring 

Sump #4 7 MW-7.3 3/30/84 CH2M-Hill Monitoring 7.7 

Sump #4 7 MW-7.4 3/20/86 CH2M-Hill Monitoring 7.1 

Sump 114 7 MW-7.5 6/16/86 CH2M-Hill Monitoring i'.5 

Sump 114 7 MW-7.6 3/3/87 CH2M-Hill Monitoring l.4 

Sump 114 7 M'N-7.7 3/3/87 CH2M-Hill Monitoring 7.6 

Sump #4 7 SM-MW-7 3/7/96 Dragun Monitonng 0.0000 0.0000 

Sump 114 101 SM-MW-101 3/8/96 Dragun Monitoring 0.0000 0.0000 

Sump #4 117 MW117 1/7 /00 CAA Monitoring 0.0000 0.0000 

Sump 114 117 MW117A 1/7/00 CAA Monitoring 0.0000 0.0000 

Sump 114 201 MW201R.1 10/26/99 CAA VAS 25 0.0000 0.0000 

Sump #4 201 MW201R.2 10/26/99 CAA VAS 20 0.0000 0.0000 

Sump 114 201 MW201A.3 10/26/99 ;cAA VAS 14 0.()()()Q 0.0000 

Sump 114 201 MW201R.4 10/26/99 .CAA VAS 0 0.0000 0.0000 

Sump 114 201 MW201 1/7/00 CAA Monitoring 0.0000 0.0000 

Sump 114 201 MW201 d 1/7/00 CAA Monitoring 0.0000 0.0000 

Sump 114 201 MW201A MS/MS□ 1/7/00 CAA Monitoring 0.0000 0.0000 

Sump 114 526 SM-MW-526-20 3/7/96 Dragun Monitoring 0.0000 0.0000 

Sump #4 526 SM-MW-526-30 3/7/96 Dragun Monitoring 0.0000 0.0000 

Sump #4 526 SM-MW-526-35 3/i'/96 Dragun iv1onito,mg 0.0000 0.0000 

Sump 114 539 SM-MW-539-2-1 3/8/96 Dragun Monitoring 0.0000 0.0000 

Sump 114 539 SM-MW-539-2-2 3/8/96 Dragun Monitoring 0.0000 0.0000 

Sump 114 539 SMMW-539-3-1 3/8/96 Dragun Monitoring 0.0000 0.0000 

Sump 114 9708 9708-2.1 9/29/99 CAA VAS 22 0.0000 0.0000 

Sump #4 9708 9708-2.2 9/F9/99 CAA VAS 17 0.0000 0.0000 

Sump 114 9708 9708-2.3 9/29/99 CAA VAS 12 0.0000 0.0000 

· Sump 114 9708 9708-2.4 9/29/99 CAA VAS 7 0.0000 0.0000 

Sump 114 9708 9708-2.5 9/29/99 CAA \/AS 0 0.0000 0.0000 

Sump #4 9708 9708-3.1 10/5/99 CAA '/AS 5R 0.0000 o.uooo 

Sump #4 9708 9708,3.2 10/5/99 CAA VA3 51 0.0000 0.0000 

Sump #4 9708 9708-3.3 10/5/99 CAA VAS 5·j 0.0000 0.0000 

Sump #4 9708 9708-3.4 10/5/99 CAA \/AS 46 0.0000 0.0000 

Sump 114 9708 MW9708-2 1/5/00 CAA Monitoring 0.0000 0.0000 

Sump 114 9708 MW9708-2 d 1/5/00 CAA Monitoring 0.0000 0.0000 

Sump 114 9708 MW9708-3 1/5/00 CAA Monitoring 0.0000 00000 
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Grou,,dwEter _h 11g_Sampling 

Well Identification 1,1,2 Trichloroethane 1, 1 Oichloroethene 1,2 Uichloroett:ene 1,'..! Oichloropropane 2-Butanone 2-Hexanone 4-Methyl-2-Pentanone Acetone 

MW-7.1 

MW-7.2 

MW-7.3 

MW-7.4 

MW-7.5 

MW-7.6 

MW-7.7 

SM-MW-7 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-101 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW117 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW117A 0.0000 o.uooo 00000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW201A.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW201A.2 0.0000 0.0000 0.0000 0.0000 0.0000 . 0.0000 0.0000 0.0000 

MW201A.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW201A.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW201 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW201 d 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW201 A MS/MS□ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-526-20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-526-30 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-526-35 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-539-2-1 0.0000 0.0000 0.0000 O.IJ000 0.0000 0.0000 0.0000 0.0000 

SM-MW-539-2-2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-539-3-1 0.0000 · o.ooou 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-2.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-2.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-2.3 0.0000 0.0000 0.0000 0.0Cl(J(j 0.0000 0.0000 0.0000 0.0000 

9708-2.4 0.0000 0.0000 O.OOCG 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-2.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-3.1 0.0000 0.0000 IJ.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-3.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-3.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-3.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9708-2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9708-2 d 0.0000 0.0000 0.0000 0.0000 O.OUOO 0.0000 0.0000 0.0000 

MW9708-3 0.0000 0.0000 IJ.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Pa9d 16 
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Well Identification Benzene Brornodichlorornethane Brornoform Bromornethane Carbon disulfid& Carbon teirachloride Chlorobenzene Chloroethane Chloroform 

MW-7.1 

MW-7.2 

MW-7.3 

MW-7.4 

MW-7.5 

MW-7.6 

MW-7.7 

SM-MW-7 0.0000 0.0000· 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-101 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW117 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW117R 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW201R.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 D.0000 0.0000 

MW201A.2 0.0000 0.0000 · 0.0000 0.0000 0.0000 0.0000. 0.0000 0.0000 0.0000 

MW201A.3 0.0000 0.0000/ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 IJ.0000 

MW201A.4 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 10.0000 

MW201 0.0000 0.0000 0.0000 o.nnoo 0.0000 0.0000 0.0000 O.CX)()O 0.0000 

MW201 d 0.0000 0.0000 0.0000 O.OOUIJ 0.0000 0.0000 0.0000 0.0000 0.0000 

MW201 A MS/MSO 0.0000 0.0000 □.ODDO o.oooc 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-526-20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-526-30 0.0013 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-526-35 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-539-2-1 0.0000 0.0000 0.0000 O.C:.,000 0.0000 0.0000 0.0000 0.0000 0.0000 

SMMW-539-2-2 0.0016 0.0000 0.0000 _o.qooo 0.0000 0.0000 0.0000 D.OOCXJ 0.0000 

SM-MW-539-3-1 0.0000 0.0000 0.0000 0.0000 0.0082 0.0000 0.0000 0.0000 0.0000 

9708-2.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-2.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 

9708-2.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-2.4 0.0000 0.0000 0.0000 0.0000 00000 0.0000 0.0000 0.0000 0.0000 

9708-2.5 C.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-3.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 3.0000 

9708-3.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 2.0000 

9708-3.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 

9708-3.4 0.0000 0.0000 0.0000 0.0000 D.ooo.J 0.0000 0.0000 0.0000 1.0000 

MW9708·2 0.0000 0.0000 0.000(1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9708-2 d 0.0000 0.0000 0.0000 0.0000 0.0000 00000 0.0000 0.0000 0.0000 

MW9708-3 0.0000 □.ODO□ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
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Groundwater _Iv ,g_Sampling 

Well Identification Chloromethane cis-1,3 Dichloropropene Oibromochlorurmethane Ethylbenzene Methylene chloride Styrene Tetrachloroethene Toluene 

MW-7.1 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-7.2 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-7.3 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-7.4 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-7.5 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-7.6 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-7.7 0.0000 0.0000 0.0000 0.0000 0.0000 

SMMW-7 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SMMW-101 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW117 0.0000 0.0000 0.0000 0.0000 0.0000 U.0000 0.0000 0.0000 

MW117R 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW201R.1 0.0000 0.0000 onooo 0.0000 0.0000 0.0000 0.0000 0.0000 

MW201A.2 0.0000 ·0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW201R.3 0.0000 ! p.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW201A.4 0.0000 , 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW201 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW201 d 0.0000 0.0000 OJXJOO 0.0000 0.0000 0.0000 0.0000 0.0000 

MW201 A MS/MSO 0.0000 0.0000 . U.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-526-20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SMMW-526-30 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SMMW-526-35 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SMMW-539-2-1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SMMW-539-2-2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SMMW-539-3-1 0.0000 0.0000 0.0000 00000 0.0000 0.0000 0.0000 0.0000 

9708-2.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-2.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-2.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-2.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708·2.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-3.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-3.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-3.3 0.0000 0,0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-3.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9708-2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9708-2d 0.0000 0.0000 o.nouo 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9708-3 0.0000 0.0000 o.uouo o.ocoo 0.0000 0.0000 0.0000 0.0000 
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\f 
Groundwater _M J_Sampling 

Well Identification trans-1,3 Dichloropropene Trichloroethene Vinyl chloride cis-1,2 D1chloro~thene trans-.1,2 Oichloroethene Xylenes, total Aluminum Antimony 

MW-7.1 0.0000 0.0000 0.GOOO 0.0000 0.0000 0.0000 

MW-7.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-7.3 0.0000 0.0000 0.IJOOO 0.0000 0.0000 0.0000 

MW-7.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-7.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-7.6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-7.7 0.00!)0 0.0000 0.0000 0.0000 0.0000 · 0.0000 

St--.4-MW-7 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 2.4650 0.(041 

SM-MW-101 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1000 

MW117 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW117A 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0106 

MW201A.1 0.0000 0.0000 6.0000 0.0000 0.0000 0.0000 

MW201A.2 0.0000 0.0000 1.CXJCJO 0.0000 Q.0000 0.0000 

MW201A.3 0.0000 
I; 

0.0000 0.0000 0.0000 0.0000 0.0000 
I I 

MW201A.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW201 0.0000 0.0000 3.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW201 d 0.0000 0.0000 3.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW201 A MS/MSO 0.0000 0.0000 5.0000 U.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-526-20 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1100 0.0029 

SM-MW-526-30 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0780 0.0019 

SM-MW-526-35 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0570 0.0012 

SM-MW-539-2-1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.5000 0.0031 

SM-MW-539-2-2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 50.0000 0.0025 

SM-MW-539-3-1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1150 1.0000 

970B-2.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-2.2 0.0000 0.0000 00000 0.0000 0.0000 0.0000 

970B-2.3 0.0000 0.0000 0.0000 0.0000 0.CXJOO 0.0000 

9708-2.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-2.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-3.1 0.0000 2.0000 0.0000 0.0000 0.0000 0.0000 

9708-3.2 0.0000 0.0000 o.nooo 0.0000 0.0000 0.0000 

9708-3.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9708-3.4 0.0000 0.0000 0.0000 0.()()()0 0.0000 0.0000 

MW9708-2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0076 

MW9708-2 d 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0089 

MW9708-3 0.0000 0.0000 nonno Cl.ODO□ 0.0000 0.0000 0.0000 0.0000 
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Ground111,ater _~lu,. ,,19_ Samplin!J 

Well Identification Arsenic Berylium Cadmium Chromium Copper Lead Nickel Selenium Barium Calcium Cobalt Iron 

MW-7.1 0.0300 0.0100 0.0400 0.0700 0.0500 0.0800 53.0000 

MW-7.2 0.0310 
78.00CXJ 

MW-7.3 0.0005 0.0200 0.0200 0.0500 0.0200 ~-□500 0.0500 1.0000 66.5000 0.0500 0.1000 

MW-7.4 00200 0.0500 0.2500 0.0500 0.0500 74.4000 0.1000 

MW-7.5 0.0200 0.0500 0.0200 0.0500 0.0500 70.4000 0.1000 

MW-7.6 0.0090 0.0200 0.1300 0.3300 0.3800 840.0000 81.0000 

MW-7.7 0.0080 - 0.0200 0.0080 0.0500 0.0200 69.3000 0.0200 0.1900 

SM-MW-7 0.2000 0.0014 20.0000 50.0000 50.0000 0.0560 126.0000 3.5000 

SM-MW-101 0.0033 0.2000 ~.DODO 20.0000 50.0000 50.0000 0.0800 31.1000 100.0000 

MW117 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0458 0.0000 1.3800 90.0000 0.0000 3.5200 

MW117R 0.0000 0.0010 0.0000 0.0000 0.0000 o.onoo 0.0807 0.0000 2.6500 145.0000 0.0000 10.8000 

MW201R.1 0.0000 
4.0100 

MW201A.2 0.0000 
0.0000 

MW201R.3 0.0000 
0.0000 

MW201R.4 0.0000 
0.0000 

MW201 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1670 88.3000 0.0000 2.4200 

MW201 d 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1700 85.1000 0.0000 2.4200 

MW201 RMS/MS□ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 00000 0.0000 0.2200 79.4000 0.0000 2.9800 

SM-MW-526-20 0.0012 0.2000 1.0000 20.0000 50.0000 50.0000 0.0270 0.1000 510.0000 

SM-MW-526-30 0.2000 1.0000 20.0000 50.0000 0.0650 0.1700 57.7000 4.5000 

SM-MW-526-35 0.2000 0.0022 20.0000 50.0000 0.0550 0.5400 105.0000 6.6000 

SMMW-538-2-1 1.0000 0.2000 0.0014 20.0000 50.0000 50.0000 0.0072 84.3000 1.0500 

SMMW-538-2-2 0.0063 0.2000 0.0011 20.0000 500000 50.0000 0.1890 108.0000 3.7800 

SM-MW-538-3-1 0.0046 0.2000 1.0000 20.0000 50.:JOOO ti0.00OC 0.1320 470.0000 1.8000 

9708-2.1 0.0000 0.0000 0.0000 0.0000 0.0000 O.uOOO 0.0000 0.0000 0.0000 0.0000 0.0000 2.1500 

6.2800 
8708-2.2 0.0000 

9708-2.3 0.0000 
1.2500 

8708-2.4 0.0000 
0.2820 

8708-2.5 0.0000 
0.0000 

9708-3.1 0.0000 
0.0000 

8708-3.2 0.0000 
0.2780 

9708-3.3 0.0000 
0.2620 

9708-3.4 0.0000 
0.0000 

MW8708-2 0.0000 0.0000 0.0000 0.0000 ().[}000 0.0000 0.0257 0.0000 0.8580 136.0000 0.0000 6.5800 

MW9708-2d 0.0000 0.0000 0.0000 0.0000 0.0000 L:.CJ000 0.0263 0.0000 0.8800 140.0000 0.0000 6.7900 

MW9708-3 0.0000 0.0000 0.0000 0.0000 O.OOChl 0.0000 O.:JOOO 0.0000 0.0000 39.2000 0.0000 0.2050 
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( ( 
Groundwater__:... .;ring_Sampling 

Well Identification Magnesium Manganese Potassium Sodium Vanadium Zinc Mercury Silver Thallium 

MW-7.1 1.0000 0.4400 O.G005 

MW-7.2 1.4000 0.3800 

MW-7.3 32.7000 0.9000 10.3000 0.2500 0.0005 

MW-7.4 34.6000 2.7000 8.1000 2.1000 

MW-7.5 28.5000 160.0000 0.7000 6.4000 1.2000 

MW-7.6 240.0000 6.2000 17.0000 7.7000 

MW-7.7 33.4000 0.2200 0.7QOO 9.3000 C.1400 

SM-MW-7 49.0000 0.0490 0.6900 9.6000 0.3000 

SM-MW-101 14.6000 20.0000 0.8700 9.3000 0.0700 

MW117 145.0000 0.0000 127.0000 231.0000 0.0000 0.2440 0.0000 0.0000 

MW117R 225.0000 0.0401 34.9000 329.0000 0.0000 0.0000 0.0000 0.0000 

MW201R.1 0.0365 

-MW201A.2 0.0534 

MW201R.3 0.0634 

MW201R.4 0.0000 

MW201 70.4000 0.0515 13.0000 90.7000 (J.0000 0.0000 0.0000 0.0000 

MW201 d 69.3000 0.0498 12.1000 90.8000 0.0000 0.0000 0.0000 0.0000 

MW201 A MS/MSO 90.1000 0.0520 20.1000 104.0000 U.0000 0.0000 0.0000 0.0000 

SM-MW-526-20 63.0000 0.3400 1.8700 11.1000 50.0000 

SM-MW-526-30 85.0000 0.1000 49.0000 73.7000 50.0000 

SM-MW-526-35 1,160.0000 0.0270 64.0000 246.0000 50.0000 

SM-MW-539-2-1 37.8000 0.0260 1.1400 13.8000 50.0000 

SM-MW-539-2-2 60.0000 0.5410 46.6000 59.5000 50.0000 

SM-MW-539-3-1 26.2000 0.0530 9.6000 39.300U 50.0000 

9708-2.1 0.0000 0.0569 0.0000 Q.OOOC, 0.0000 0.0000 0.0000 0.0000 

9708-2.2 0.0521 

9708-2.3 0.1510 

9708-2.4 0.1040 

9708-2.5 0.0000 

9708-3.1 0.0237 

9708-3.2 0.0218 

9708-3.3 0.0215 

9708-3.4 0.0209 

MW9708-2 86.7000 0.0483 53.4000 1•i0.uooo 0.0000 0.0000 0.0000 0.0000 

MW9708-2 d 89.3000 0.0504 53.5000 121.0000 0.0000 0.0000 0.0000 0.0000 

MW9708-3 15.0000 0.0249 2.5100 9.2800 0.0000 0.0000 D.0000 0.0000 



r ( 
Groundwate,r_,. ,,;ng_Sampling 

POTENTIALLY IMPACTED WELLS (SOUTH OF THE LANDFILL) 

Sump Well No. Well Identification Date Source Type of Well Depth of Sample ph 1, 1, 1, Trichloroethane 1,1,2,2 Tetrachloroethane 

None 105 SM-MW-105 3/4/96 Drsgun Monitoring 0.0000 0.0000 

None 217 SM-MW-217 3/4/96 Dragun Monitoring 0.0000 0.0000 

None 572 SM-MW-572-33 3/4/96 Dragun Monitoring 0.0000 0.0000 

None 572 SM-MW-57244 3/4/86 Dragun Monitoring 0.0000 0.0000 

None 9711 9711.2 '10/20/99 CAA VAS 47 0.0000 0.0000 

None 9711 9711.3 10/20/99 CRA VAS 42 0.0000 0.0000 

None 9711 9711.4 10/20/99 CRA VAS 37 0.0000 0.0000 

None 9711 9711.5 10/20/99. CAA VAS 32 0.0000 0.0000 

None 9711 9711.6 10/20/99 CAA VAS 32 0.0000 0.0000 

None 9711 9711.7 10/20/99 CAA VAS 0 0.0000 0.0000 

None 9711 9711.1 10/21/99 CAA VAS 12 0.0000 0.0000 

None 8711 9711.11 10/21/99 CAA VAS 12 0.0000 0.0000 

None 9711 9711.8 10/21/99 CAA VAS 24 0.0000 0.0000 

None 9711 9711.9 10/21/99 : CAA VAS 17 0.0000 0.0000 

None 9711 MW9711 1/6/00 -. CAA Monitoring 0.0000 0.0000 

None 9711 MW9711(A) 1/6/00 CAA Mc,nitori;ig 0.0000 0.0000 

None 401 401 3/5/96 Dragun Monitoring 0.0000 0.0000 
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G:-oundwater _:, ,·ing_ Sampling 

Well Identification 1, 1,2 Trichloroethane 1, 1 Dichloroethene 1,2 Dlchloroethene ·1 ,2 Dlchloropropane 2-Butanone 2-Hexanone 4-Methyl-2-Pentanone Acetone 

SM-MW-105 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SMMW-217 0.0000 0,0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-572-33 0.0000 0.0000 0.0000 0.0000 0.0OCXJ 0.0000 0.0000 0.CXJOO 

SM-MW-5 72-44 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.2 0.0000 0,0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.4 0.0000 • _0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.5 0.0000 0.0000 0.OCJOO 0.0000 0.0000 0.0000 0.0000 0.0000 

9711,6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.7 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.11 0.0000 0.0000 o.ooon 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.B 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 . 0.0000 
I, 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 9711.9 0.0000 I; 0.0000 

MW9711 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9711(A) 0.0000 0.0000 0.0000 o.ouoo CJ.DODO 0.0000 0.0000 0.0000 

401 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
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r 
Groqndwater _h ,ing_Sampling 

Well Identification Benzene Bromodichloromethane Bromoform Bromomethane Carbon disulfide Carbon tetrachloride Chlorobenzene Chloroethane Chloroform 

SM-MW-105 0.0000 0.0000 0.0000 o.ooco 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-217 0.0000 0.0000 C.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-572-33 0.0000 o.onoo 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
SM-MW-572-44 0.0000 0.0000 0.0000 0.0904 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
9711.3 0.0000 0.0000 0.0000 n.oaoo 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.4 0.0000 0.0000 _ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.6 0.0000 0.0000 {lOOOQ 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.7 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 10.0000 

9711.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.11 0.0000 0.0000 0.0000 IJ.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.B 0.0000 0.0000· 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.9 0.0000 o.oood 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9711 0.0000 0.0000. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9711(A) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

401 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
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( 
Groundwater __ ,v._ .ng_Sampling 

Well Identification Chloromethane cis-1,3 Dichloropropene Dibromochlorormethane Ethylbenzene Methylene chloride Styrene Tetrachloroethene Toluene 

SM-MW-105 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.OCXXJ 0.0CXX) 

SM-MW-217 0.0000 0.0000 O.OOCXJ Cl.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-572-33 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-572-44 0.0000 0.0000 p.t.J900 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.3 0.0000 0.0000 D.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.4 0.0000 _Q.QO()() 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.5 0.0000 -0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.CXXXJ 

9711.6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.7 0.0000 0.0000 0.0000 O.OCXJO 0.0000 0.0000 0.0000 0.0000 

9711.1 0.0000 0.0000 noooo O.OOGO 0.0000 0.0000 0.0000 0.0000 

9711.11 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.B 0.0000 0.0000 CJ.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.9 0.0000 p.0000 00000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9711 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9711(A) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

401 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
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Groundwater _t,. ...irii'ag_Sampling 

Well Identification trans-1,3 Dichloropropene Trichloroethane Vinyl chloride cis-1,:.! Dichioroethene trans-1,2 Dichloroeihene Xylenes, total Aluminum Antimony 

SM-MW-105 0.0000 0.0000 0.0000 0.0000 0.0000 0.CXX)(J 50.0000 0.0058 

SM-MW-217 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 50.0000 0.0053 

SM-MW-572-33 0.0000 0.0000 0.0000 rJ.0000 o.aooo 00000 50.0000 1.0000 

SM-MW-572-44 0.0000 0.0000 o.ooon 0.0000 0.0000 0.0000 50.0000 0.0047 

9711.2 0.0000 O.Ot.JOO 0.0000 0.0000 0.0000 0.0000 

9711.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.7 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.11 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.8 0.0000 0.0000 U.0000 0.0000 0.0000 0.0000 

9711.9 0.0000 
Ii 0.0000 0.0000 0.0000 0.0000 0.0000 , , 

MW9711 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9711(A) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

401 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 50.0000 1.0000 
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( 
G.-oundwater_lvli.... -·· ,ng_Samphng 

Well Identification Arsenic Berylium Cadmium Chromium Copper Le:,aJ Ni;::kel 3:.:ienium Barium Calcium Cobalt Iron 

SM-MW-105 0.0024 0.0002 0.0018 20.0000 50.0000 50.0000 1.8000 92.1000 4.3000 

SM-MW-217 0.0290 0.2000 0.0013 20.0000 50.0000 50.0000 0.7700 233.0000 37.0000 

SM-MW-572-33 0.0260 0.2000 0.0025 20.0000 50.0000 50.(J()(1] 0.6300 55.8000 2.7000 

SM-MW-572-44 0.0045 0.2000 0.0042 20.iJOOO , 60.0000 0.0930 1.7000 56.4000 3.1000 

9711.2 0.0000 0.1040 

9711.3 0.0000 0.3940 

9711.4 0.0000 0.9590 

9711.5 0.0010 1.8300 

9711.6 0.0010 1.8400 

9711.7 0.0000 0.0000 

9711.1 0.0030 2.3300 

9711.11 0.0030 2.3700 

9711.B 0.0030 4.6000 
; i 

4.1500 9711.9 0.0020 I I 

MW9711 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.7880 110.0000 0.0000 1.8100 

MW9711(A) 0.0000 0.0000 0.0000 0.0000 0.0000 O.l)OOO 0.0000 0.0000 0.0000 38.8000 0.0000 0.0000 

401 0.0600 0.2000 0.0016 20.0000 50.0000 50.0000 0.2010 38.6000 1.7800 
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Groundwate:-_, ,ng_Sarnpling 

Well Identification Magnesium Manganese Potassium Sodium Vanadium Zinc Mercury Silver Thallium 

SM-MW:105 95.0000 0.0280 109.0000 152.0000 0.5100 

SM-MW-217 100.0000 0.8600 7.200G 100.0000 50.0000 

SM-MW-572-33 98.0000 0.0590 125.0000 154.0000 0.0950 

SM-MW-572-44 152.0000 20.0000 201.0000 270.0000 50.0000 

9711.2 0.0000 

9711.3 0.0276 

9711.4 0.0481 

9711.5 0.1040 

9711.6 0.1040 

9711.7 0.0000 

9711.1 0.0792 

9711.11 0.0833 

9711.8 0.0366 

9711.9 0.0925 
I, 
I I 

I 

MW9711 58.2000 0.0441 25.opoo 91.9000 0.0000 0.0000 O.OCXlO 0.0000 

MW9711(A) 13.4000 0.0282 5.5200 11.4000 0.0000 0.0000 O.OCXlO 0.0000 

401 73.0000 0.0210 69.0000 213.0000 50.0000 
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-/ 
Groundwater_. ,ring_Sampling J 

UNIMPACTED WELLS 

Sump Well No. Well Identification Date Source Type of Well Depth of Sample ph 1, 1, 1, Trichloroethane 1,1,2,2 Tetrachloroethane 

None 5 MW-5.1 7/25/83 CH2M-Hill Monitoring 

None 5 MW-5.2 9/21/83 CH2M-Hill Monitoring 

None 5 MW-5.3 3/30/84 CH2M-Hill Monitoring 7.2 

None 5 MW-5.4 3/20/86 CH2M-Hill Monitoring 6.8 

None 5 MW-5.5 6/16/86 CH2M-Hill Monitonng 7.0 

None 5 MW-5.6 3/3/87 CH2M-Hill Monitoring 7.2 

None 5 MW-5.7 3/3/87 a-l?M-Hill Monitoring 7.2 

None 11 MW-11.1 7/25/83 'CH2M-Hill Monitoring 

None 11 MW-11.2 9/21/83 CH2M-Hill Monitoring 

None 11 MW-11.3 3/30/84 CH2M-Hill Monitonng 7.9 0.0000 

None 11 MW-11.4 3/20/86 CH2M-Hill Monitoring 7.4 0.0000 

None 11 MW-11.5 6/16/86 CH2M-Hill Monitoring 6.3 0.0220 

None 11 MW-11.6 3/3/87 CH2M-Hill Monitoring 8.0 0.0000 

None 11 MW-11.7 3/3/87 ·;c~2M-Hill Monitoring 7.7 0.0000 

None 43 SM-MW-43 3/1/96 ·. Clragun Monitoring 0.0000 O.OCIOO 

None 100 SM-MW-100 3/1/96 Dragun Monitoring 0.0000 0.0000 

None 114 SM-MW-114 3/4/96 Dragun Monitoring 0.0000 0.0000 

None 216 216 3/5/96 Dragun Monitoring 0.0000 0.0000 

None 503 503-2-1 3/12/96 Dragun Monitoring 0.0000 0.0000 

None 594 MW594A.1 10/14/99 CAA VAS 30 0.0000 0.0000 

None 594 MW594R.2 10/14/99 CAA VAS 22 0.0000 0.0000 

None 594 MW594R.3 10/14/99 CAA VAS 17 0.0000 0.0000 

None 594 MW594R.4 10/14/99 CAA VAS 12 0.0000 0.0000 

None 594 MW594R.5 10/14/99 CAA VAS 12 0.0000 0.0000 

None 598 598A-3.1 10/6/99 CAA VAS 0 0.0000 0.0000 

None 598 598R-3.2 10/7/99 CAA VAS 48 0.0000 0.0000 

None 598 598A-3.3 10/7/99 CAA VAS 43 0.0000 0.0000 

None 598 598R-3.4 10/7/99 CAA VAS 38 0.0000 0.0000 

None 598 598A-3.5 10/7/99 CAA VAS 33 0.0000 0.0000 

None 598 598A-3.6 10/'//99 CAA VAS 33 0.0000 0.0000 

None 598 598A-3.7 10/7/99 CAA VAS 27 0.0000 0.0000 

None 598 MW598A-3 1/5/00 CAA Monitoring 0.0000 0.0000 

None 9711 9711.1 10/20/99 CAA VAS 0 0.0000 0.0000 

None 9712 9712.1 10/12/99 CAA VAS 4!:i 0.0000 0.0000 

None 9712 9712.2 10/12/99 CAA VAS 37 0.0000 0.0000 

None 9l12 9712.3 10/12/99 CAA VAS 30 0.0000 0.0000 

None 9712 9712.4 10/12/99 CAA VAS 0 0.0000 0.0000 

None 9712 9712.5 10/12/99 CAA VAS 15 0.0000 0.0000 

None 9712 MW9712 1/6/00 CAA Monitoring 0.0000 0.0000 

None 114 114 3/5/96 Dragun Monitoring 
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Groundwater_,, .. ,1g_Sampling 

Well Identification 1, 1,2 Trichloroethane 1, 1 Oichloroethene 1,2 Oichloroethene 1,2 Olchloropropane 2-Butanone 2-Hexanone 4-Methyl-2-Pentanone Acetone 

MW-5.1 

MW-5.2 0.0000 

MW-5.3 0.0000 0.0000 

MW-5.4 0.0000 0.0000 

MW-5.5 0.0021 0.0011 

MW-5.6 0.0000 0.0000 

MW-5.7 . ~J.0000 □.GOOD 

MW-11.1 

MW-11.2 

MW-11.3 

MW-11.4 

MW-11.5 

MW-11.6 

MW-11.7 

SM-MW-43 0.0000 . 0.0000 0.0000 0.0000 0.OOCJO 0.OOCJO 0.OOCJO 0.OOCJO 

SM-MW-100 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-114 0.0000 0.0000 O.GOOO 0.0000 0.0000 0.0000 0.0000 0.0000 

216 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

503-2-1 0.0000 0.0000 a.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW594A.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW594R.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.OOCJO 0.0000 

MW594A.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW594R.4 0.0000 0.0000 0.0000 00000 0.0000 0.0000 0.0000 0.0000 

MW594R.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

59BR-3.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

59BR-3.2 0.0000 0.0000 O.OOOG 0.0000 0.0000 0.0000 o.uooo 0.0000 

598R-3.3 0.0000 0.0000 D.OOOl.1 0.0000 0.0000 0.0000 0.0000 0.0000 

59BR-3.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

59BR-3.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

59BR-3.6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

598R-3.7 0.0000 0.0000 00000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW598R-3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

97121 0.0000 0.0000 O.OOC.,O D.0000 0.0000 0.0000 0.0000 0.0000 

9712.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9712.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.OCXJO 

9712.4 0.0000 0.0000 0.OOOCJ 0.0000 0.0000 0.0000 0.0000 0.0000 

9712.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.OOCJO 

MW9712 0.0000 0.0000 0.0000 0.0000 0.0000 0.OOCJO 0.0000 0.0000 

114 
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Groundwater _M, J_Sampling 

Well Identification Benzene Bromodichloromethane Bromoform Bromomethans Carbon di&ulfide Carbon tetrachloride Chlorobenzene Chloroethane Chloroform 

MW-5.1 

MW-5.2 0.0000 

MW-5.3 0.0079 

MW-5.4 0.0000 

MW-5.5 0.0000 

MW-5.6 0.0000 

MW-5.7 0.0016 

MW-11.1 

MW-11.2 

MW-11.3 0.0000 

MW-11.4 0.0000 

MW-11.5 0.0250 

MW-11.6 

MW-11.7 

SM-MW-43 0.0074 o.oooci 0.0000 0.0000 0.0000 0.0000 0.0041 0.0000 0.0000 

SM-MW-100 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-114 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

216 0.0000 0.0000 o.oooc 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

503-2-1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW594R.1 0.0000 0.0000 0.0000 q.qooo 0.0000 0.0000 0.0000 0.0000 0.0000 

MW594R.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 1.0000 

MW594R.3 0.0000 1.0000 0.0000 0.0000 O.iJOOCJ 0.0000 0.0000 0.0000 2.0000 

MW594R.4 0.0000 0.0000 0.0000 U.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW594R.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

598R-3.1 0.0000 3.0000 0.0000 0.0001 0.0000 0.0000 0.0000 0.0000 5.0000 

598A-3.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

598A-3.3 0.0000 4.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 6.0000 

598R-3.4 0.0000 3.0000 0.0000 0.00;]0 0.0000 0.0000 0.0000 0.0000 5.0000 

598R-3.5 0.0000 0.0000 0.0000 o.nooo 0.0000 0.0000 0.0000 0.0000 0.0000 

598A-3.6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

598R-3.7 0.0000 2.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 4.0000 

MW59BR-3 0.0000 0.0000 0.0000 O.CXXJG 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.1 0.0000 2.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 7.0CXXJ 

9712.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9712.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9712.3 0.0000 0.0000 0.0000 IJ.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9712.4 0.0000 2.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 5.0000 

9712.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9712 0.0000 0.0000 0.0000 o.oouu 0.0000 0.0000 0.0000 0.0000 0.0000 
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Well Identification Chloromethane cis-1,3 Oichloropropene Oibromochlorormethane Ethylbenzene Methylene chloride Styrene Tetrachloroethene Toluene 

MW-5.1 0.0500 0.0000 '1.0000 0.0000 0.0000 0.(X)()() 

MW-5.2 0.0000 C.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-5.3 DOU(;O 0.(XXJ(J 0.0000 0.0000 0.0000 

MW-5.4 0.0000 0.0000 0.0000 0.0300 0.0000 0.0000 0.0000 

MW-5.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-5.6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-5.7 p.0000 0.0000 0.0000 0.0000 O.(X)()() 0.0000 

MW-11.1 

MW-11.2 

MW-11.3 

MW-11.4 

MW-11.5 

MW-11.6 

MW-11.7 I 

SM-MW-43 0.0000 b.oo□o 0.0000 0.0000 0.0000 0.(X)()() 0.0000 0.0000 

SM-MW-100 0.0000 0.0000 iJ.fXJOO 0.0000 0.0000 0.0000 0.0000 0.0000 

SMMW-114 0.0000 0.0000 . 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

216 0.0000 0.0000 0.0000 0.()000 0.0000 0.0000 0.0000 0.0000 

503-2-1 0.0000 0.0000 -0.0000 0.0000 0.0000 O.OGOG 0.0000 0.0000 

MW594R.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW594R.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW594R.3 0.0000 0.0000 D.Q(l{)() 0.0000 0.0000 0.0000 0.0000 0.0000 

MW594A.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW594A.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

588A-3.1 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

598R-3.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

59BR-3.3 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

59BR-3.i1 0.0000 a.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

598R-3.5 0.0000 0.0000 0.00()0 o.ooou 0.0000 0.0000 0.0000 0.0000 

598R-3.6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

598A-3.7 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW598R-3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9711.1 0.0000 0.0000 0.()()()() 0.0000 0.0000 0.0000 0.0000 0.0000 

9712.1 0.0000 0.0000 o.nooo 0.0000 0.0000 0.0000 0.0000 0.0000 

9712.2 0.0000 0.0000 0.0000 0.0000 0.0000 00000 0.0000 0.0000 

9712.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

8712.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9712.5 0.0000 0.0000 0.0010 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9712 0.0000 0.0000 qoooo 0.0000 0.0000 0.0000 0.0000 0.0000 

114 
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Well Identification trans-1,3 Oichloropropene Trichloroethane Vinyl chloride cis-·l ,2 Dichlorcethene trans-1,2 Oichloroethene Xylenes, total Aluminum Antimony 

MW-5.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-5.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-5.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-5.4 0.0000 0.0000 0.0000 o.uooo 0.0000 0.0000 

MW-5.5 0.0000 0.0000 iJ.0000 0.0000 0.0000 0.0000 

MW-5.6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-5.7 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-11.1 

MW-11.2 

MW-11.3 

MW-11.4 

MW-11.5 

MW-11.6 

MW-11.7 

SM-MW-43 0.0000 0.0000 0.0000 0.0000 O.OOCXJ 0.0024 50.00CXJ 0.0031 

SM-MW-100 0.0000 0.0000 0.0000 0.0000 0.0000 O.OCXJO 50.0000 0.0031 

SM-MW-114 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

216 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 50.00CXJ 0.0058 

503-2-1 0.0000 0.0000 0.0000 0.0000 0.0000 0.□cx:JC 8.8000 0.0021 

MW594R.1 0.0000 0.0000 0.0000 0.0000 0.0000 O.OOCXJ 

MW594R.2 op□□□ 0.0000 0.0000 0.0000 0.0000 0.0000 

MW594R.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW594A.4 0.0000 0.0000 0.0000 U.0000 0.0000 0.0000 

MW594A.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

598R-3.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

598A-3.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

598R-3.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

598A-3.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

598R-3.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

598R-3.6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

598A-3.7 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW598R-3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0057 

9711.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9712.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9712.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9712.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9712.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9712.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9712 0.0000 0.0000 0.0000 0.0000 0.0000 OJ)()()() 0.0000 0.0000 

114 
0.0700 0.0081 
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Well Identification Arsenic Berylium ·cadmium Chromium Copper Lead Nickel Selenium Barium Calcium Cobalt Iron 

MW-5.1 0.□180 0.0100 0.0700 o.n200 0.0500 0.0200 19.0000 

MW-5.2 0.□180 24.0000 

MW-5.3 0.0014 0.0200 0.0200 0.0500 0.0200 0.0500 0.0500 1.0000 124.0000 0.0200 4.7000 

MW-5.4 0.0200 0.0500 0.02CO U.0500 0.0500 104.5000 1.0000 

MW-5.5 0.0200 0.0500 0.0200 0.0500 0.0500 170.0000 4.3CXXJ 

MW-5.6 0.0800 0.0200 0.0200 0.0600 0.0400 74.0000 30.0000 

MW-5.7 0.0080 - 0.0200 0.0080 0.0200 0.0200 88.6000 0.0200 0.4420 

MW-11.1 0.0180 0.0100 0.0500 0.0700 0.0500 25.0000 

MW-11.2 0.0050 12.0000 

MW-11.3 0.0005 0.0200 0.2000 0.0500 0.2000 0.0500 0.0500 1.0000 34.6000 0.0500 0.1100 

MW-11.4 0.0200 0.0500 0.0200 0.0500 0.0500 37.3000 0.1000 

MW-11.5 0.0200 0.0500 0.0200 0.0500 0.0500 41.0000 0.1000 

MW-11.6 0.0020 0.0200 0.0500 0.0500 0.0500 93.0000 27.0000 

MW-11.7 0.0320 0.0200 0.0080 0.0520 0.0200 43.2000 0.0200 0.0400 

SM-MW-43 0.1700 0.2000 0.0141 20.0000 50.0000 50.0000 0.3500 82.7000 11.9000 

SM-MW-100 0.2000 1.0000 20.0000 50.0000 50.0000 0.0500 21.4000 100.0000 

SM-MW-114 

216 0.0280 0.2000 0.0023 20.0000 50.0000 50.0000 1.8300 296.0000 11.3000 

503-2-1 0.0096 0.2000 0.0056 ~0.0000 50.0000 50.0000 0.1200 45.0000 9.8000 

MW594R.1 0.0040 
2.2800 

MW594A.2 0.0040 
1.7100 

MW594R.3 0.0030 
1.1700 

MW594R.4 0.0030 
0.0000 

MW594A.5 0.0030 
0.0000 

598R-3.1 0.0000 
0.0000 

59BR-3.2 0.0000 
0.3970 

598R-3.3 0.0040 
0.0000 

59BR-3 4 0.0040 
0.1060 

598R-3.5 0.0040 
0.1290 

598R-3.6 0.0040 
0.1220 

598R-3.7 0.0040 
0.0000 

MW598A-3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 37.2000 0.0000 0.1660 

9711.1 0.0000 
0.0000 

9712.1 0.0040 
0.1150 

9712.2 0.0010 
0.3350 

9712.3 0.0030 
0.3130 

9712.4 0.0020 
0.0000 

9712.5 0.0070 
0.1340 

MW9712 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1530 194.0000 0.0000 0.0000 

114 0.0080 0.0006 0.0019 20.0000 0.0600 50.00CJ(J 5.0000 1,000.0000 100.0000 
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Well Identification Magnesium Manganese Potassium Sodium Vanadium Zinc Mercury Silver Thallium 

MW-5.1 5.400() 0.6700 0.0005 

MW-5.2 9.1000 0.3800 

MW-5.3 26.0000 19.9000 ~5.8000 ·t.7000 0.0005 

MW-5.4 21.9000 20.0000 11.9000 3.9000 

MW-5.5 22.0000 6.5600 32.3000 163000 1.4000 

MW-5.6 14.0000 8.8000 10.0000 3.2000 

MW-5.7 18.4000 6.6000 23.000.!) 10.6000 1.5000 

MW-11.1 0.4500 0.2400 0.0005 

MW-11.2 0.2100 0.1400 

MW-11.3 6.5000 2.6000 4.1000 0.1300 0.0005 

MW-11.4 7.6000 1.1000 2.4000 0.1200 

MW-11.5 7.7000 0.3400 2.7000 5.1000 0.5500 

MW-11.6 22.0000 1.0000 4.8000 2.0000 

MW-11.7 8.5000 0.0980 4.~opo 5.2000 0.2800 

SM-MW-43 79.0000 0.0440 137.0obo 132.0000 50.0000 

SM-MW-100 9.0000 20.0000 0.8800 14.0000 50.0000 

SM-MW-114 

216 164.0000 0.1080 26.3000 539.0000 50.0000 

503-2-1 13.9000 0.1800 0.0035 34.6000 50.0000 

MW594A.1 0.0366 

MW594A.2 0.1120 

MW594R.3 0.1740 

MW594A.4 0.2290 

MW594R.5 0.2870 

598R-3.1 0.0000 

59BR-3.2 0.0000 . 

59BR-3.3 0.0000 

598R-3.4 0.0000 

59BA-3.5 0.0000 

598R-3.6 0.0000 

598R-3.7 0.0000 

MW59BR-3 16.4000 0.0266 3.0000 18.6000 0.0000 0.0000 0.0000 0.0000 

9711.1 0.0000 

9712.1 0.0000 

9712.2 0.0207 

9712.3 0.0000 

9712.4 0.0000 

9712.5 0.0000 

MW9112 0.1880 0.0000 24.1000 18.6000 0.0000 0.0000 0.0000 0.0000 

114 1.000.0000 20.0000 2.0800 0.2700 
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UNIMPACTED WELLS (OFF-SITE OR BACKGROUND) 

Sump Well No. Well Identification Date Source Type of Well Depth of Sample ph 1, 1, 1, Trichloroethane 1, 1,2,2 Tetrachloroethane 

None 2 BK-MW-2 2/3/00 CAA Background 0.0000 0.0000 

None 2 BK-MW-2d 2/3/00 CAA Background 0.0000 0.0000 

Nona 115 SM-MW-115 3/6/96 Dragun Monitoring 0.0000 0.0000 

None 515 MW-515 3/12/96 Dragun Monitoring 0.0000 0.0000 

None 549 SM-MW-549 3/6/96 Dragun Mor,itoring 0.0000 0.0000 

None 573 SM-MW-573-33 DUP 3/4/96 Dragun Monitoring 0.0000 0.0000 

None 581 SM-MW-581-52 3/8/96 Or.agun Monitoring 0.0000 0.00()() 

None 9701 9701.1 9/21/99 CAA VAS 0 0.0000 0.0000 

None 9701 9701.2 9/21/99 CAA VAS 32 0.0000 0.0000 

None 9701 9701.3 9/21/99 CAA VAS 27 0.0000 0.0000 

None 9701 9701.4 9/21/99 CAA VAS 22 0.0000 0.0000 

None 9701 9701.5 9/21/99 CAA VAS 17 0.0000 0.0000 

None 9701 9701.6 9/21/99 CAA VAS 12 0.0000 0.0000 

Nona 9701 MW9701 1/6/00 I ;cAA Monitoring 0.0000 0.0000 

None 9702 9702.1 9/22/99 CAA VAS 32 0.0000 0.0000 

None 9702 9702.2 9/22/99 CAA VAS 3?. 0.0000 0.0000 

None 9702 9702.3 9/22/99 CAA VAS ~7 0.0000 0.0000 

None 9702 9702.4 9/22/99 CAA VAS 22 0.0000 0.0000 

None 9702 9702.5 9/23/99 CAA VAS 17 0.0000 0.0000 

None 9702 9702.6 9/23/99 CAA VAS 12 0.0000 0.0000 

None 9702 MW9702 "1/6/00 CAA Monitoring 0.0000 0.00()() 

None 9709 9709.1 11/10/99 CAA VAS 41 0.0000 0.0000 

None 970S 9709.2 11/10/99 CAA VAS 35 0.0000 0.0000 

None 9709 9709.3 11/10/99 CAA VAS 29 0.0000 0.0000 

None 9709 MW9709 1/5/00 CAA Monitoring 0.0000 0.0000 

None 402 402 3J.5/96 Dragun M.:mitoring 0.0000 0.0000 

None PB SM-MW-PB 3/7/96 Dragun Monitoring 0.0000 0.0000 

None PB-P2 SM-PB-P2 3/4/96 Orayun Monitoring 0.0000 0.0000 
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) 

Well Identification 1, 1,2 Trichloroethane 1, 1 Oichloroethene 1,2 Oichloroethene 1,2 Oichloropropane 2-Butanone 2-Hexanone 4-Methyl-2-Pentanone Acetone 

BK-MW-2 0.0000 0.0000 O.OCXJO 0.0000 o.cooo 0.0000 0.0000 0.0000 

BK-MW-2d 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-115 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-515 0.0000 00000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-549 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-573-33 0UP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-581-52 0.0000 - Q.0000 0.0000, 0.0000 0.0000 0.0000 0.0000 0.0000 

9701.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 D.0000 

9701.2 0.0000 0.0000 0.0000 0.(l(I()() 0.0000 0.0000 0.0000 0.0000 

9701.3 0.0000 0.0000 0.000(J 0.0000 0.0000 0.0000 0.0000 0.0000 

9701.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9701.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9701.6 0.0000 0.0000 · 00000 0.0000 0.0000 ,0.0000 0.0000 0.0000 

MW9701 0.0000 ;0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9702.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9702.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9702.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9702.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9702.5 0.0000. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9702.6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9702 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9709.1 0.0000 0.0000 U.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9709.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9709.3 o.ooou 0.0000 0.0000 U.0000 0.0000 0.0000 0.0000 0.0000 

MW9709 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

402 0.0000 0.0000 0.0000 0.0000 20.0000 0.6700 0.1400 5.0000 

SM-MW-PB 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-PB-P2 0.0000 0.0000 00000 0.0000 0.0000 0.0000 0.0000 0.0000 
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Groundwater _l'v, ... ,,g_Sampliny _) 

Well Identification Benzene Bromodichloromethane Bromoform Bromomethane Carbon disulfide Carbon tetrachloride Chlorobenzene Chloroethane Chloroform 

BK-MW-2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

BK-MW-2 d 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SMMW-115 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW-515 0.0000 0.0000 0.0000 O.OGOG 0.0000 0.0000 0.0000 0.0000 0.0000 

SMMW-549 0.0078 0.0000 0.0000 0.0000 o.ooao 0.0000 0.0057 0.0000 0.0000 

SM-MW-573-33 □UP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SMMW-561-52 0.0000 0.0000 - 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9701.1 0.0000 4.oooo· 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 6.0000 

9701.2 0.0000 0.0000 0.0000 0.0000 0.0000 OlXlOO 0.0000 0.0000 0.0000 

9701.3 0.0000 3.0000 0.0000 o.oqqq 0.0000 0.0000 0.0000 0.0000 6.0000 

9701.4 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 3.0000 

9701.5 0.0000 2.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 4.0000 

9701.6 0.0000 0.0000_- 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9701 0.0000 0.0000; 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9702.1 0.0000 0.0000·. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9702.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9702.3 0.0000 1.0000 0.0000 0.0001.l 0.0000 0.0000 0.0000 0.0000 0.0000 

9702.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9702.5 0.0000 2.0000 0.00()(1 iJ.0000 0.0000 0.0000 0.0000 0.0000 5.0000 

9702.6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9702 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9709.1 0.0000 0.0000 0.0000 O.f.1000 0.0000 0.0000 0.CXXJO 0.0000 0.CXXJO 

9709.2 0.0000 0.0000 o.ocoo u.OuOO 0.0000 0.0000 0.0000 0.0000 0.0000 

9709.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9709 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

402 0.0510 0.0000 . 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-PB 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-PB-P2 0.0000 0.0011 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0012 
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r' 
Groundwater _Mo,. ., 1g_8ampling 

Well Identification Chloromethane cis-1,3 Oichloropropene Dibromochlorormethane Ethylbenzene Methylene chloride Styrene Tetrachloroethene Toluene 

BK-MW-2 0.0000 0.0000 !10000 0.0000 0.0000 0.0000 0.0000 0.0000 

BK-MW-2d 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-115 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0024 

MW-515 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-549 0.0000 0.0000 0.0000 0.0080 0.0000 0.0000 0.0000 0.0000 

SM-MW-573-33 OUP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-581-52 0.0000 -0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9701.1 0.0000 0.0000 2.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9701.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9701.3 0.0000 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9701.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9701.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9701.6 0.0000 . 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
/ { 

MW9701 0.0000 , 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9702.1 0.0000 · 0.0000 U.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9702.2 0.0000 0.0000 O.□rJOO 0.0000 0.0000 0.0000 0.0000 0.0000 

9702.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9702.4 0.0000 0.0000 rJ.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9702.5 0.0000 0.0000 O.UOOO 0.0000 0.0000 0.0000 0.0000 0.0000 

9702.6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9702 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9709.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9709.2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9709.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9709 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

402 0.0000 0.0000 0.0000 0.0490 0.0000 0.0060 0.0000 3.2000 

SM-MW.PB 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-PB-P2 0.0000 0.0000 o.oooc 0.0000 0.0000 0.0000 0.0000 0.0000 
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Groundwater _Mo, _Sampling 

Well Identification trans-1,3 Dichloropropene Trichloroethene Vinyl chloride cis-1,2 Dichloroethene trans-1,2 Dichloroethene Xylenes, total Aluminum Antimony 

BK-MW-2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0059 

BK-MW-2 d 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

SM-MW-115 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 50.0000 0.0015 

MW-515 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 5.9000 0.0033 

SM-MW-549 0.0000 0.0000 0.0000 0.0000 0.0000 0.0045 50.0000 0.0021 

SM-MW-573-33 OUP 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 50.0000 1.0000 

SM-MW-581-52 0.0000 - 0.0000 0.0000 0.0000 0.0000 0.0000 1.6000 0.0023 

9701.1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9701.2 0.0000 4.0000 0.0000 0.0000 0.0000 0.0000 

9701.3 0.0000 1.0000 0.0000 00000 0.0000 0.0000 

9701.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9701.5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9701.6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MW9701 0.0000 0.0000 O.OOOG. 0.0000 0.0000 0.0000 0.0000 0.0000 

9702.1 0.0000 2.0000 O.OOOC 0.0000 0.0000 0.0000 

9702.2 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 

9702.3 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9702.4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

9702.5 0.0000 1.0000 0.0000 0.0000 0.0000 0.0000 

9702.6 0.0000 0.0000 O.OOO(J 0.0000 0.0000 0.0000 

MW9702 0.0000 0.0000 O.OQOO 0.0000 0.0000 0.0000 0.0000 0.0063 

9709.1 0.0000 0.0000 0.0000 0.lJOOO 0.0000 0.0000 

9709.2 0.0000 0.0000 0.0000 Q.0000 0.0000 0.0000 

9709.3 0.0000 CJ.ODO□ 0.0000 0.0000 0.0000 0.0000 

MW9709 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

402 0.0000 IJ.0000 0.0250 :::J.0000 0.0000 0.1750 

SM-MW-PB 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 50.0000 0.0015 

SM-PB-P2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 50.0000 0.0031 
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Groundwater _Mor, ,g_Sampling 

Well Identification Arsenic Berylium Cadmium Chromium Copper Lead Nickel Selenium Barium Calcium Cobalt Iron 

BK-MW-2 0.0050 0.0000 0.0000 0.0000 0.0000 O.DOOU 0.0000 0.0000 0.6100 194.0000 0.0000 0.0000 

BK-MW-2 d 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.5900 193.0000 0.0000 0.0000 

SM-MW-115 0.2000 1.0000 20.0000 50.0000 50.0000 0.0800 64.5000 0.0890 

MW-515 0.0027 0.2000 0.0055 0.0220 50.0000 30.0000 0.0410 62.7000 9.9000 

SM-MW-549 0.0690 0.2000 0.0017 20.0000 50.0000 50.0000 0.4000 112.0000 18.0000 

SM-MW-573-33 0UP 0.0260 0.2000 0.0023 20.0UO0 50.0000 50.0000 0.6300 53.!JOOO 2.8000 

SM-MW-581-52 0.0091 0.2000 - 0.2000 20.0000 50.0000 50.0000 0.9000 133.0000 1.8000 

9701.1 0.0000 3.1100 

9701.2 0.0000 0.0000 

9701.3 0.0000 0.0000 

9701.4 0.0000 0.0000 

9701.5 0.0000 0.0000 

9701.6 0.0000 0.0000 

MW9701 0.0000 0.0000 0.0000 ; o.oooq 0.0000 0.0000 0.0000 0.0000 0.0000 71.7000 0.0000 0.2950 

9702.1 0.0000 1.2500 

9702.2 0.0000 0.0000 

9702.3 0.0000 0.0000 

9702.4 0.0000 
0.0000 

9702.5 0.0000 
0.0000 

9702.6 0.0000 
0.0000 

MW9702 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1710 65.7000 0.0000 0.3680 

9709.1 0.0000 
0.3550 

9709.2 0.0000 
0.1870 

9709.3 0.0000 
0.1800 

MW9709 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 O.OOOfi 0.0000 0.0000 35.6000 0.0000 0.0000 

402 

SM-MW.PB 1.0000 0.2000 0.0026 200000 SOOCIOO 5o.ooon 5.0000 1.0000 100.0000 

SM-P8-P2 0.0002 1.0000 20.0000 50.C000 50.0000 0.0080 2.9000 100.0000 
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Groundwi:lter _Mu,,. . ,ng_Sampling 
__) 

Well Identification Magnesium Manganese Potassium Sodium Vanadium Zinc Mercury Silver Thallium 

BK-MW-2 28.8000 0.0000 7.2800 478.0000 0.0000 0.0000 0.0000 0.0000 

BK-MW-2d 28.0000 0.0000 7.1400 465.0000 0.0000 0.0000 O.OCXJC 0.0000 

SMMW-115 35.2000 0.1300 33.9000 35.200G 0.2100 

MW-515 14.1000 0.1600 0.0022 3.4000 0.0570 

SMMW-548 40.0000 0.1100 81.0000 52.4000 50.0000 

SMMW-573-33 OUP 87.0000 0.0600 125.0000 153.0000 50.0000 

SMMW-581-52 15.2000 0.0400 1.3609 28.7000 50.0000 

8701.1 0.0000 

9701.2 0.0653 

9701.3 0.0000 

9701.4 0.0632 

9701.5 0.0000 

9701.6 0.0988 

MW9701 26.5000 0.0858 2.~0¢0 4.7200 0.0000 0.0000 0.0000 0.0000 

9702.1 0.1080 

9702.2 0.0536 

9702.3 0.0231 

8702.4 0.0328 

9702.5 0.1060 

9702.6 0.0819 

MW9702 25.4000 0.0627 3.3400 S.4400 0.0000 0.0000 0.0000 0.0000 

9709.1 0.0000 

9709.2 0.0000 

9709,3 0.0000 

MW9709 16.0000 0.0000 2.9800 1 ~.9000 0.0000 0.0000 0.0000 0.0000 

402 

SM-MW.PB 1,000.0000 20.0000 · 100.0000 1,000.0000 50.0000 

SMP8.P2 1.9000 20.0000 05900 55000 0.0540 

Page42 
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RTI LABORATORIES,. INC . 
Chemical, Metallurgical & Environmental Testing 

REPORT OF ANALYTICAL SERVICES 
TO: Petro Environmencal Technolgy 

7851 Palace Drive· 
Cincinatti, OH 4524S 

Attn: Daniel Duffy 

PART/ SAMPLE IDENTIRCATlON; 

RTI Sampling Grab 2/23/01 
Wastewater Grab Received 2/23/01 

Report Date: 03 /06/0l 

Lab Number: Ol-0o7 1A 

Customer P.O.#: 

Customer#: 

RT! Quote#: 

PAGE 

Received: 02/23/01 Tests Compleced: 03/06/01 Reported: 03/06/0l 

WORK REQUESTED / PERFORMED: 

pH, CN, FOG, PHENOLS, METALS, TSS, BOD, !?, TTO ANALYSIS 

THE RESULTS OF ALL TESTS and/or ANALYSES REQUESTED ARE REPORTED ON THE PAGES WHICH FOLLOW. 

Number of pages including this page a 

APPROVED BY: 

1/S 

data and information presence-a herein. wnile not guaranteed. are to the beS"t of our knowledge accurate and true. No warranty or guarantee 
,ea or exprnssed is made regarding these analytical results, since securing and prooerly ,oreserv,ng representativ~ ~amples a.nd since the 

.mpte custo<ly c.'1.sins a,e beyond Rn control. The ~ults provided by R71 :are n~itner intended to :suggest produc. mercnarrtab-ility, no,. for use in 
infringement cf any existing patent. Rn will not assume sny liability or r~ponsibi/ity for any such infringement. Alteration or r~produc::i.on o{he-r 
{han in irs entirety is not authorized by RTI Laboratories, Inc. 

31628 GLENDALE • LIVONIA, Ml 43150 • (734)422-8000 • FAX(734) 422-5342 
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==i'!'' I -, I f 
RTI LABORATORIES, INC 

Chsmical. MetallurgicaJ & Environmental Testing 

WASTEWATER ANALYSIS REPORT 

Submitted by : Daniel Duffy 

Cli~nt Petro Environmental Tech.~olgy 
Cincinatti, OE 

Sample ID : 

RTI Sampling Grab 2/23/0l 
Wast~wace::- Grab Received 2/23/01 

Lab. No. 

Report Date 

SAMPLING LOC.~TION: Scuth Macomb Disposal Auchc=ity 
Leac.~ate Station 9A 

Ol-067lA 

03/06/01 

PE~~IT #: SAMPLED BY: RTI-SJ DATE S.';MPLED: 02/23/0l 
DATE RECEIVED: 02/23/01 ANALYSES COMPLETED: 03/06/01 

Object 

pH, CN, FOG, PHENOLS, METALS, TSS, BOD, T?, TIO ANALYSIS 

METr.ODOLOGIES: Mechods for Chemical Analysis of Water and waste, US 
EPA Publicaton EPA-600/4-79-020 March 1983. 

Results and Discussion 

PROCESS W.~TEWATER GR.AB RESULTS 2/23/01 

PARAMETER RESULTS LOD-S 
-=========:: ======= ======= 
pH (lS0.l) 4. 71 1.0-14.0 
QJ (335.2) ND 0. 02 --~: 
FOG* (413 .1) ND 1.0 .. -
PEENOL (420.l) 5.4 0.1 

* = Mechod 1664-Hexane Extraccion 
pH Sampling - 2/23/01 at 10:15 am. 

DATE OF 
ANALYSIS TECH 

======== ----
02/23/01 SJ 
02/27/01 LS 
03/02/01 LS 
02/27/01 LS 

pH AI'..alysis - 2/23/01 ac 10:1S am at 5.8 deg=ee c. 
ND= Not Decec~ed or less than LOD-S 
NA~ Not Applicable or Not A.~alyzed 
LOD-S = Limic of Dececcion for the reported s~mple(s) 
Trip/Field Blank Submitted: No 
Test Parameters Subconcracted: None 
All paramecers are repcrced·in ppm except pH. 

31628 GLENDALE • LIVONIA, MI 48150 • (734)422--8000 • FAX(734)422-0342 
E-mail: into@nilab.com • W"b5itP· rtil,;:ih r-.t"lm 
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MAR-06-01 15:51 FROM:RTI LABORATORIES INC. ID:7344225342 

~•,■-) 1 

RTI IABORATORIES, INC. 
Chemical, Metallurgical & Environment.al Testing 

WASTEWATER ANALYSIS REPORT 
Lab. No. : 01-0671.i\ 

PROCESS WASTEWATER GRAB RESULTS 2/23/01 

MDL LOD-S RESULTS 
COMPOUNDS (ppb) (ppb) (ppb) 
============~========== ~====== ======= •====== 
VOLATILE ORGAi.'lIC COMPOUNDS (Method EPA 624) 
Acrolein l. 0 so ND 
Acrylonicrile l.0 so ND 
Benzene l.O so ND 
Eis(Chlorcmechyl) ether 1.0 so ND 
Bromoform 1. 0 so ND 
2-butancne l.O so 55000 
ca=bon tetrachloride 1.0 50 ND 
C.'-llorobenzene 1.0 so ND 
Chlorcdibromomethane 1.0 so ND 
Chloroechane 1.0 so ND 
2-Chloroethylvinylether 1.0 50 ND 
Chloroform 1.0 so ND 
Dichlorobromomethane 1.0 so ND 
1,4-Dichlorobenzene l.O so ND 
l,2-Dichloroethane 1.0 so ND 
l,l•Dichloroet..½ane l.O so $4 
1,1-Dichloroethylene l.0 so ND 
cis-1,2-Dichloroethylene 1.0 so 1800 
trans-1,2-Dichloroethylene l.0 so ND 
Dichlorofluoromechane 1.0 50 ND 
1,2-Dichloropropane l.0 50 ND 
l,3-Dichloropropylene 1.0 so ND 
Ethylbenzene l.O so 130 
Methyl Bromide l.0 50 ND 
Methyl Chloride .-:r: o so ND 
Methylene chloride ··:t-. 0 so 1400 
1,1,2,2,-Tetrachloroethane 1.0 50 ND 
Tecrachloroechene 1.0 50 -ND 
1,1,2-Trichloroethane 1.0 50 ND 
1, 1, 1-Trichloroetha..,e 1.0 so ND 
Trichloroethylene 1.0 so 74 
T~ichlorofluoromethane 1.0 so ND 
Toluene 1.0 so 1200 
Vinyl chloride 1.0 so 62 

Date of Analysis: 2/28/01 A..~lyst: MT3 

Page 

PAGE 

~ 
2 
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l 

L 

Ef-:?•U•) 6 
RTI LABORATORIES, INC 

Chemical, Metallurgical & Environmental Testing 

WASTEWATER ANALYSIS REPORT 
Lab. No. : Ol-0671A 

PROCESS WASTEWATER GRAB RESULTS 2/23/01 

===~~---••:============================ 

DATE OF 
P ARl~METER RESULTS LOD-S AN..UYSIS TEC-! 

========== ======= z•••••• ======== ----
.~s (200. 7) ND a.so 03/01/01 JSI 
Cd (200.7) ND 0.50 03/01/01 JS:: 
C'..l (200.7) 0.61 0.50 03/01/01 JSI 
Fe (200.7} ll.SO 0.50 03/01/01 JSI 
Pb (200.7) ND a.so 03/0l/Ol JSI 
Hg (245.l) ND 0.0002 03/05/01 LS 
Ni (200. 7) ND 0.50 03/0l/Ol JS! 
Ag (200. 7) ND a.so 03/0l/Ol JS! 
C= (200. 7) ND a.so 03/01/0l JS! 
Zn (200.7) 36.3 a.so 03/01/01 JS! 
TSS (160.2) 1250 1.0 03/02/0l LS 
BOD-1 (405 .1) 7270· 30 02/26/01 LS 
BOD-3 (405.l} 11eoo 30 02/27/0J. LS 
BOD-5 (405 .1) 25500 30 03/01/01 LS 

p (365. 3) 10 0. 2 02/27/01 LS 

PROCESS WASTEWATER GRAE RESULTS 2/23/01 
===========--=========~~===========-=== 

COMPOlThl1JS 
======================= 

MDL 
(ppb) 

====== 

LOO-S 
(ppb) 

BASE/NEUTRAL EXTRACTABLE COMPOUNDS (Mechod EPA 
Acenaphther1e 5. O 5 • o 
Acenaphthylene 
Ar.iline 
Anthracene 
Be.."lzidine 
Benzyl alcohol 
Benzo(a)anchracene 
Benzo(a)py:::-ene 
Benzo(ghi)perylene 
Benzo(b)fluoranchene 
Benzo(k)fluoranthene 
Bis (2-chloroetho;cv) methane 
Bis (2-chloroethyl) ethe~ 
Bis (2-chloroisopropyl) echer 
Bis (2-ethylhe>..-yl) phc~alate 
4-bromophenyl phenyl echer 

5.0 
5.0 
5.0 
5.0 
s.o 
5.0 
5.0 
5.0 
5.0 
s.o 
s.o 
5.0 
5.0 
5.0 
s.o 

s.o 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
s.o 

RESULTS 
(ppb) 

-----
3510, 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
lS 
ND 

625) 

----.--··---...... ~.____ ... _____ 
--~.._, .. ":\,_ 

'/,,,.. l!~ ..-;r.,,, ~ J;WII 
#~ ., • 
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< 

RTI LABORATORIES, INC. 
Chemical. Metallurgical & Environmental Testing 

WASTEWATER Ai.~ALYSIS REPORT 
Lab. No. : Ol-0671A 

PROCESS WASTEWATER GRAB RESULTS 2/23/01 

COMPOUNDS 
MDL 

(ppb) 

===== 

LOD-S 
(ppb) 

RESULTS 
(ppb) 
====::m 

BASE/NEUTRAL EXTRACTABLE 
Bucyl benzyl phthalate 
Carbo:zole 

COMPOUNDS (Mechod EPA 3510, 625) 

4-cblc.:-oa:iiline 
2-chlcronapht.b.ene 
4-c~lor;henyl phenyl ether 
Ch:ysene 
Dibenzo(a,h)anchracene 
Dibenzofuran 
1,2-Dichlorobenzene 
l,3-Dichlorobenzene 
l,4-Dichlorobenzene 
3,3-dichlorobenzidine· 
Diethyl phc:!:lalate 
Dimethyl phchalate 
~i-n-butyl phcbalate 
~,4-dinitrotoluene 
2,6-dinicrotoluene 
Di-n-octyl phthalace 
Fl uora.~tb.ene 
Fluorer..e 
Hexachlorobenzene 
Hexac!llcrobutadiene 
Hexachlorocyclopentadiene 
Hexa.chlcroethane 
Indeno ( 1 _, 2 , 3 - cd) pyre..'1e 
Isophorone 
2-rnethyl:n..a~h~halene 
Azobenzene 
Naphthalene 
2-Nitroaniline 
3-Ni troa.TJ.ilir..e 
4-Ni trcaniline 
Nit::-obenzene 
N-nit=osodimethylamine 
N-~itrosodi-n-propylamine 
N-nitrosodiphenylamine 
Phenant.hrene 
Py-:ene 
1,2,4-trichlorobe..~zene 

5.0 5.0 ND 
5.0 5.0 ND 
S.O 5.0 ND 
5.0 5.0 ND 
5.0 5.0 ND 
5.0 5.0 ND 
5.0 
s.o 
s.o 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
s.o 
5.0 
s.o 
5.0 
s.o 
5.0 
s.o 
5.0 
s.o 
s.o 
5.0 

-~-_5. 0 
•:_-_s. o 

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
s.o 
s.o 
5.0 

5.0 
5.0 
5.0 
s.o 
s.o 
5.0 
s.o 
s.o 
5.0 
s.o 
5.0 
s.o 
5.0 
5.0 
5.0 
5.0 
s.o 
5.0 
5.0 
5.0 
5.0 
5.0 
s.o 
5.0 
5.0 
5.0 
5.0 
5.0 
s.o 
5.0 
5.0 
s.o 
5.0 

ND 
ND 
ND 
ND 
ND 
ND 

3.30 
ND 
14 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
.ND 
ND 
ND 
ND. 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
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RTI LABORATORIES, INC. 
Chemicsl. Metallurgical & Environmental Testir'lg 

WASTEWATER ANALYSIS REPORT 
Lab. No. : Ol-0671A 

PROCESS WASTEWATER GRAB RESULTS 2/23/01 
======================================-

MDL LOD-S RESULTS 
COMPOUNDS (ppb) (ppb) (ppb) 

~==========-•========== ----- ::==== -----
ACID EXTRACTABLE COMPOUNDS (Method EPA 3510, 625) 
Benzoic Acid 
2-chlorophencl 
2,4-cichlorophenol 
2,6-dichlorophenol 
2,4-dimechylphenol 
4,6-di~icro-o-cresol 
2,4-dinitrophencl 
2-methylphenol 
4-methylphenol 
2-nitrophenol 
4-nit:=ophenol 
4-C~loro-3-mechyl phenol 
Pencachlorophenol 
Phenol 
2,4,5-c=ichlorophenol 
2,4,6-c=ichlorophenol 
2,3,4,6-~ecrachlorophenol 
2-chloro-o-cresol (cresol) 

Date of Extraccion: 2/28/01 
Date of Analysis: 3/1/01 

5.0 5.0 
5.0 s.o 
5.0 s.o 
s.o 5.0 
5.0 5.0 
s.o 5.0 
s.o 5.0 
5.0 5.0 
s.o 5.0 
5.0 5.0 
5.0 5.0 
5.0 5.0 
s.o s.o 
5.0 5.0 
5.0 5.0 
5.0 5.0 
s.o 5.0 
5.0 5.0 

Analyst:.: SSl 
An_a_lyst.: JG3 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

PROCESS WASTEWATER GRAE RESULTS 2/23/01 

r-"'.DL LOD-S RESULTS 
Paramec.er (ppb) .:-_-. ( ppb) (ppb) 

=========== ======::r - "::======: ======= 
PCB's (Mee.hod EPA 3510E, 3665, 3620A, 608) 
Arochlor 1016 O.l 0.l ND 
Arochlor 1221 O.l 0.1 ND 
Arochlcr 1232 0.1 0.1 ND 
Arochlor 1242 0.l 0.1 ND 
Arochlor 1243 O.l 0.1 ND 
Arochlor 12S4 O.l 0.1 ND 
Arochlcr 1260 O.l 0.1 ND 

Date of Eztract.ion: 2/27/01 Analyst: SSl 
Date of A.--ialysis: 3/1/01 A.-:.alyst.: JG3 

Page 
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RTI lABORATORIES, INC. . 
Chemical, Metallurgical & Environmental iesting 

WASTEWATE.~ ANALYSIS REPORT 
Lab. No. : Ol-0671A 

PROCESS WASTEWATER GRAB RESULTS 2/23/01 

======================================= 
MDL LOD-S RESULTS 

Pa=amet.er (ppb) (ppb) (ppb) 
=========== ----- . ----- ===== 
PESTICIDES/HEREIC!DES (Method EPA 3500.~, 3S10E, 3620A, 

a-BEC 0.0l 0.01 ND 
b-3EC 0.01 0.01 ND 
d-BHC 0.0l 0.01 ND 
Lindane 0.01 0.01. ND 
Heptachlor 0.0l 0.01 ND 
Ald=in 0.01 0.01 ND 
Heptachlor Epoxide 0 .01 0.01 ND 
Endosulfan I 0.0l 0.01 ND 
Dieldrin 0.01 0.01 ND 
4,4'- DDD 0.01 0.01 ND 
4 A. I -I • DDE 0.01 0.01 ND 
'.ndrin 0.0l 0.0l ND 

Endosulfan II 0.01 0.01 ND 
Endosulfa.."'l Sulfate 0.01 0.01 ND 
4,4'- DDT 0.01 0.01 ND 
Met.hoxychlor 0.01 0.01 ND 
Endrin Ketone 0.01 0.01 ND 
Endrin Aldehyde 0.01 0.01 ND 
a-Chlordane 0.01 0.01 ND 
g-Chlordar..e 0.01 0.01 ND 
Toxaphene l.00 LOO ND 
2,4-D 1.00 1.00 ND 
Silvex 1.00 _l._, 00 ND 

Dac.e cf Ext.ractior.. (Pest.icicle) :""-2/27 /01 
Date of E.xcract.icn (Herbicide): 2/28/0l 
Date of Analysis (Pesticide): 3/5/01 
Date of Analysis (Eerbicide): 3/6/01 

Analyst: SS:i.. 
?..nal yst : L~ 
Analyst: JG3 
Analyst: JG3 

BOD-1 - Star~ed: 2/24/01 Completed: 2/26/01 
BOD-3 - Started: 2/24/01 Compleced: 2/27/01 
BOD-5 - Start~d: 2/24/0·1 Completed: 3/01/01 
ND= Net Detecced or less than LOD-S 
NA= Noc Applicable or Not Analyzed 
LOD-S = Limit of Dececcion for t~e re~orced sample(s) 
Trip/Field Blank Submitted! No -
Tes~ Parameters Subconc=ac~ed: Ncne 
Results are repor~ed in ppm er ppb. 

Page 
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RTI LABORATORIES, INC. 
Chemical, Metallurgical a Environmental Testing 

WASTEWATER ANALYSIS REPORT 
Lab. No. : 0l-0671A 

ID:7:::44225342 

·-·-.. -...---~---.--------,,,,__,: ___ , __ ,.,---
,r,,..,,lf. ... //i,.f ~Y:1111 

~ 
Page 7 

All sampling and analyses reports a=e in accorda~ce with the met~ods a~d 
techniques specified in 40 CFR Pa=~ 136 and a.~y amendments. 
Issuing of this report certifies that all cited method cont~ol c=ite=ia 
ha.ye been met unless othe1:'Wise indicated or q12lified in the quality 
cont:=ol section. 
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TABLE 1.2 
PHYSICAL HAZARD SUMMARY 

MACOMB COUNTY LANDFILL SITE 
MACOMB COUNTY, MICHIGAN 

Activity Potential Hazard Hazard Prevention 

Groundwater, Leachate, Gas slip/trip/fall 
Vents, Clearing and 
Grubbing, Regrading, Final 
Cover, Seeding and 
Mulching 

excess dust 

sunburn 

ticks/insects 

noise 

organic/explosive vapors 
(methane, hydrogen, sulfide) 

snakes 

heavy equipment 

cuts/scrapes 

back strain 

electrical cables 

5 

wear proper safety boots 
avoid muddy slippery areas 
avoid horseplay 
work carefully 
keep work area neat 

use dust suppressants, e.g. water 

use proper sun block 

wear full coveralls 
use hair net and/ or hood tyvek 
use insect repellent 

wear proper hearing protection 
(29 CFR 1910.95) 

conduct air monitoring 
use action levels as stated in 

HASP 

avoid walking in brush 
be alert 

use only personnel trained in drill rig 
operations 

give heavy equipment right-of-way 
exercise extreme caution 
wear reflecting vests 
do not walk under boom 

wear proper PPE Level C 
wear gloves 

use proper lifting methods 

check and mark buried cables 
avoid overhead lines 
follow 29 CFR 1910.180 
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4.0 RESPONSIBILITIES AND ADMINISTRATION 

Petro Environmental will designate an individual to act as the on-Site Health and Safety Officer 
and will be responsible for the health and safety of workers. The HSO will be responsible for 
decisions regarding when work will be stopped or started for health and safety considerations. 

The responsibilities of the HSO are as follows: 

i) be responsible for implementation of the HASP at the initiation of Site work; 
ii) conduct the initial briefing sessions for all on-Site personnel with regard to the 

HASP and other safety requirements to be observed during field construction 
activities, including: 

iii) 

iv) 
v) 
vi) 
vii) 
viii) 
ix) 

x) 
xi) 

xii) 

a) potential hazards, 
b) personal hygiene principles, 
c) personal protective equipment, and 
d) emergency procedures dealing with fire and medical situations; 

review and modify the HASP as more information becomes available concerning 
the hazards involved, and review all monitoring reports; 
supervise and enforce safety equipment usage; 
supervise and inspect maintenance of safety equipment; 
personnel training in safety equipment usage and emergency procedures; 
monitoring of the health and safety program; 
suspend work activity if unsafe working conditions develop; 
inform workers of the nature of chemical exposure risk as required by the "Right
to-Know" Law (29 CFR 1910.1200); 
coordination of emergency procedures; 
maintain a sign in/out log at the Site office for personnel and visitors entering the 
Work Area. 
conducting air monitoring 

6 



5.0 MEDICAL SURVEILLANCE 

In accordance with requirements detailed in 29 CFR 1910.120 and 29 CFR 1910.134, as Site 
personnel are not expected to come in contact with potentially contaminated materials, medical 
surveillance by a licensed physician or physician's group is not required. However, medical 
surveillance will be required for personnel trained in the use of respirators. 

Medical records for all on-Site construction personnel will be maintained by their respective 
employers. The medical records will detail the tests that were taken and will include a copy of 
the consulting physician's statement regarding the tests and the employee's suitability for work. 

Each employer will ensure that its personnel involved in on-Site work will have all necessary 
medical examinations prior to commencing work that requires respiratory protection. Personnel 
not obtaining medical certification will not perform refuse regrading work within the Macomb 
County Landfill. 

Interim medical surveillance will be completed if an individual exhibits poor health or high stress 
responses due to on-Site activity or when accidental exposure to elevated concentrations of 
contaminants occurs. Periodic or special exams are administered only as needed and are not 
scheduled on a regular basis. 
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6.0 TRAINING 

Prior to commencing Site activities, a Site-specific initiation session will be conducted. This 
session will be used to instruct the on-Site personnel as to what the potential Site hazards are, 
level of PPE required, Site-specific requirements, and the basis of the Health and Safety Plan. 
All personnel who attend this session will sign a Training Acknowledgment Form, an example of 
which is presented as Attachment I. Each employer will be required to verify that operators and 
helpers have been adequately trained for the equipment they will be using. 
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7.0 WORKAREAS 

Petro Environmental will clearly layout and identify work areas in the field and will limit 
equipment, operations and personnel in these areas. These work areas may be established as 
temporary or permanent; depending on the work activity and the sequence in which it is 
performed. 

Petro Environmental will maintain the following: 

i) 
ii) 
iii) 
iv) 
v) 

an entry for personnel, material and equipment to the work area; 
an exit area for personnel, materials and equipment from the work area; 
the housing of Site special services; 
a storage area for clean safety and work equipment and materials; and 
a Site support area including Site offices, toilet facilities and parking. 

9 
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8.0 PERSONAL PROTECTIVE EQUIPMENT 

Petro Environmental will require that all on-Site personnel are equipped with PPE appropriate 
for the nature of work being completed. Petro Environmental will require that all safety 
equipment and protective clothing are kept clean, well maintained and that their integrity is 
intact. 

Safety equipment and apparel as required for general work on Site will be Level D. 

Level D protective equipment consists of the following: 

i) work boots with steel toe and shank; 
ii) hard hat; 
iii) latex and/or cotton gloves; and 
iv) safety glasses and/or goggles. 

Modified Level C protective equipment, which will be used on site should it be found necessary 
(1 ), consists of the following: 

i) 
ii) 
iii) 
iv) 
v) 
vi) 
vii) 
viii) 

chemical-resistant disposable coveralls, tyvek (polyethylene); 
latex and/or cotton inner gloves; 
nitrile outer gloves 
work boots with steel toe and shank; 
chemical-resistant overboots or booties, butyl rubber or neoprene; 
hard hat; 
safety glasses and/or chemical-resistant goggles; and 
half-face or full-face NIOSH approved air-purifying respirators with appropriate 
cartridges for organic vapors and particulates. 

Additional protective equipment usage guidelines to be implemented include: 

i) 
ii) 
iii) 

iv) 

v) 

vi) 

prescription eyeglasses in use on the Site will be safety glasses; 
contact lenses will not be permitted; 
all disposable or reusable nitrile, latex and/or cotton gloves worn on the Site will 
be changed or discarded at the end of each day; 
during periods of respirator usage, respirator cartridges and filters will be changed 
daily, or upon breakthrough, whichever occurs first; 
on-Site personnel who have not passed a respirator fit test will not be permitted to 
enter or work on refuse regrading operations. Personnel will not be permitted to 
have beards, or long sideburns or mustaches as these interfere with a proper fit of 
the respirator; 
duct tape will be used to ensure that disposable coveralls and gloves are tightly 
secured when personnel are working within refuse regrading areas; and 



( 
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vii) no watches, rings or other accessories will be permitted during refuse regrading 
activities. 

(1) The HSO or his designated representative will observe work areas for visible signs of 
hazardous chemical or waste. Should an apparent hazardous waste source be observed, work 
adjacent to the potential source will be halted immediately. The area in question will be 
cordoned off with yellow warning tape. Samples of the suspected hazardous waste will be t·aken 
and analyzed at a local laboratory. Should the sample indicate the presence of dangerous levels 
of hazardous waste, employees working in the area will wear level C protection. 

11 
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9.0 RESPIRATOR PROGRAM 

It is not anticipated that respirators will be required during implementation construction activities 
except during refuse regrading activities when respirators may be required. Prior to arriving at the 
Site, on-Site personnel designated to work in refuse regrading areas will have received training in 
the use of, and have been fit tested for, either half or full-facepiece respirators. All on-Site 
personnel will be required to comply with their employer-specific written respiratory protection 
program developed in accordance with OSHA 29 CFR 1910.134, which will be attached to each 
employers Site-specific HASP. A copy of Petro Environmental' s written respiratory protection 
program is included in Attachment II. 

12 



( 10.0 PERSONAL HYGIENE 
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( 

All personnel performing or supervising work within the work area will be required to comply 
with the personal hygiene-related provisions of this section. 

On-Site personnel found to be disregarding the personal hygiene-related provisions of this HASP 
will, at the direction of the HSO, be barred from the Site. 

Each employer will be required to ensure that the following equipment/facilities are available for 
the personal hygiene of all their on-Site personnel: 

i) suitable disposable outerwear, gloves, and footwear on a daily basis for the use of 
on-Site personnel; 

ii) disposal containers for used disposable outerwear; 
iii) potable water and a suitable sanitation facility; 
iv) lunch area; and 
v) smoke area. 

The following regulations for personnel actively participating in th~ work activities will be 
enforced: 

i) 
ii) 

iii) 

on-Site personnel will wear appropriate PPE when in the work area; 
used disposable outerwear will not be reused if deemed to be unsuitable to 
provide the necessary protection, and when removed, will be placed inside 
disposal containers provided for that purpose. 
on-Site personnel will thoroughly cleanse their hands, face, neck area and other 
exposed areas before smoking, eating or drinking and before leaving the Site. 

13 
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11.0 AIR MONITORING 

Prior to and during implementation of work activities, engineering controls, such as wetting the 
surface of the work area prior to during earth moving activities to minimize the generation of 
dust, will be implemented as directed by the HSO. 

Real-time air monitoring for total VOC's will be conducted by using a Hnu with a 11.7 eV probe 
or a PID with a 10.6 Electron Volt ( e V) probe during the refuse regrading activities. 
Additionally, during refuse regrading activities, a combustible gas meter will be used to measure 
¾LEL. 

Calibrations of all monitoring equipment will be performed on a daily basis and recorded in the 
Site log book. The Project Manager will be notified when results indicate excessive exposure to 
workers and or modifications to existing Site protocols are required 

14 



\,____ 12.0 PARTICULATE EMISSION CONTROL 

L 

During remedial activities, a dust control program will be implemented and strictly enforced to 
minimize the generation and potential off-Site migration of fugitive particulate emissions. 
Excavations and excavated material will be kept moist while uncovered due to Site activities. 

All roadways, designated work areas and other possible sources of dust generation will be 
controlled by application of water as required. 
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13.0 EQUIPMENT AND PERSONNEL CLEANING 

During the initiation of the field investigative program, procedures will be implemented to 
reduce the amount of contact of both personnel and equipment with the refuse constituents. 
These procedures include the following: 

i) proper work practices that would lead to minimal direct contact with refuse 
material; and 

ii) use of disposable equipment and clothing as much as practicable. 

All personnel will remove their protective clothing and wash their hands, face, neck area and 
other exposed areas before entering the lunch and break areas to eat, drink or smoke. 

Waste materials generated during construction activities ( used PPE, miscellaneous trash, etc.) 
will be secured in plastic bags on Site until such time as they can be transferred to and be placed 
under the proposed final cover. 

16 



14.0 WASTE MIGRATION CONTROL 

All vehicles and equipment used within the work area will be cleaned on Site as determined 
necessary by the HSO prior to leaving the Site .. Cleaning, when required, will consist of the 
thorough cleaning of those parts of the equipment which come in contact with refuse or muddy 
material. The HSO will certify that each piece of equipment is clean prior to removal from the 
Site. 

17 



15.0 COMMUNICATIONS 

Emergency numbers including police, fire, ambulance, hospital and appropriate directions to the 
hospital are presented in Table 1.3 and will be prominently posted in each construction office. 

A route map to the nearest emergency medical facility is presented in Figure 1.1 and will be 
posted in each construction office. Prior to initiating Site activities, the emergency medical 
facility will be notified of Site activities to ensure preparedness to respond to any Site-related 
lllJUfleS. 

18 
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EMERGENCY HOSPITAL ROUTE PAGE 
Figure 1.1 

(See attached) 



Yahoo! Yell ow Pages - Mt Clemens lieneral ttosp rage 1 or 1 

Hom~ - Yahoo! - Ma_2~ - Address Book - He 

LOSE 10 POUNDS BY MA\l14thr ~;:etsi 
Height: I 5 . ..-] ft 14 . .::Jin Weight:I ~C>! J 

Click_Here to_Lose_l0 lbs - START NOW! 

Welcome, Guest User 

Yahoo! Yellow Pages 

Cr~~i~ My__E__avosite Locations - SjgnJ 

TQp > Health and Medicine > Doctors and_Clinics > Family_ Practice Search 

♦ Search Public_Records on_Mt Clemens General Hos~j3efore_You_Cal1 

Mt Clemens General Hosp Website 
1000 Harrington St, Mount Clemens, Ml 48043 
Phone: (586) 493-8000 

Find Nearby 
Related Categories: 

· Physjcians & Surgeons 

· e_hy.$JGi_q_Q~ & Surgeons 
Lotormation B_ldreau 

· Hospitals 
···-····--·····---····-------

Popular Categories: 

· 8§1?taurants 

· Department Stores 

· Entertainment & Arts 

· Hotels 

· Find Nearby 

Map and Directions 

Y..i:'¥QP!¢,' f ill'',,,,t~, 

Email this Business Listin< 

Save to Yahoo! Address Booi 

Interactive M.aQ 

Driving_Directions 

Business Information provided by lnfoUSA.com ®, Foster City, California, Copyright© 2002. 

All Rights Reserved. Use Subject to !:_icense. 

Copyright© 2002 Yahoo! Inc. All rights reserved. tLEW2 - Privacy Policy - Terms of Service - Yahoo! Maps Terms of Use 

ID#: 52658: 

http://yp.yahoo.com/py/ypMap.py?Pyt=Typ&tuid=5265888&ck=2541219 l 63&tab=B2C& ... : 4/9/2002 



Yahoo! Yell ow Pages Page 1 of2 

~'® Ye II ow Pages [~ ] --------=Y::=::ah==oo~!_-==Ma=!:R:::::::.S--=-A:::::;::d:=:d=re::;::::ss=B~oo:::::::::.k 

Welcome, Guest User 

Yahoo! Yellow Pages 

* Mt Clemens General Hosp 
1000 Harrington St, Mount Clemens, Ml 48043 
(586) 493-8000 

ADVERTISEMENT 

Special Offers 

Z_oom_ln 
LJ_] 
L-~-J 
L~_J 

4 
[_~_] 
[___§____] 

LLJ 
[_~] 
[i] 

WU 
Zoom Out 

Printa_b_l_? 
Mag 

Email Map 

Create My Locations - ~ 

Save This Ac 

Driving Directions 
· To th is location 

· From this location 

Map New Location 

1-- My Locations_--2£] Si n 1 ___ gJ ·-

A-~d.ress.' l_nt'3_r.~ect_iofl _o.r._/\ifR.9rt_Cos; 

)1000 Harrington St 

City_. Stc1Je or Zi 

Mount Clemens, Ml 480 

I United States 

@ Add Maps to My Yahoo! 

\,'\leather 

■"' weather .. com 

Find Nearby Services 
Nearby Businesses 
· Car Rentals 
• Gas Stations 
· Hotels and Motels 
· Restaurants 

City Guide 

Y_ahQQ_!_Jravel 

Yahoo! Weather 

Inside Yahoo! 

.. ./maps.py?Pyt=Typ&addr=l000+Harrington+St&city=Mount+Clemens&state=MI&slt=42.58(4/9/2002 



Yahoo! Yell ow Pages Page 1 of2 

~oor® Yellow Pages[~] --------=Y==ah==oo=-!.........:-M==a:=:!:p==...s__:-A:::::::d:::::::d::::=:re==ss=B:::::::oo=:::::.k 

eDiets·1 
t' ' ,·.' ;;~~t(~~-tt~KI G?.I 

Welcome, Guest User 

Yahoo! Yellow Pages 

1. 

2. 

3. 

4. 

5. 

Starting from: 21290 24 Mile Road, Macomb, Ml 48042 

*Mt Clemens General Hosp 

-;: 

Arriving at: 1000 Harrington St, Mount Clerr:ens, Ml 48043-2920 
(586) 493-8000 

Distance: 9.0 miles Approximate Travel Time: 17 mins 

' ·, 

'!Zi·M~eRd l. l-:;;dl~-~JL. 
1 

, l / 

\2002\1i~o!·~
11 

~20-02 'ttavigati❖n Ttt~gies 
0
ev,~!· l!!:!!.~it! 

Full Route 

Directions 

Start on 24 MILE RD going towards NORTH A VE 

Turn Right on NORTH A VE 

Continue on N GROESBECK HWY 

Continue on S GROESBECK HWY 

Tum Left on HARRINGTON ST 

6. Arrive at destination 

Create My Locations - .S 

· _!;mail Directions 

· Get Reverse Directions 

· Text Only Driving Direct 

Destination 

Miles 

1.2 

4.1 

2.4 

0.8 

0.4 

.. ./ddResults.py?Pyt=Typ&tamame=Mt+Clemens+General+Hosp&tardesc=%28586%29+493-84/9/2002 



TABLE 1.4 

EMERGENCY TELEPHONE NUMBERS 
MACOMB COUNTY LANDFILL 

MACOMB COUNTY, MICHIGAN 

General Emergency (Sheriffs Dept.) 

Ambulance 

Hospital (Medical First response) (1) 

Michigan Department of Public Health 

Macomb County Health Department 

Michigan DEQ 

Poison Control Center 

911 

911 

(810) 566-7666 

(517)-373-3740 

(810) 412-6393 

(734) 953-8905 

(313) 745-5711 

USEP A Emergency Response & Removal Branch 

State Police 

Pollution Emergency Alert System (PEAS) 

404/562-8705 ( 404/562-8700 24hr) 

(810) 752-3521 

1-800-292-4706 

Notes: 

(1) Directions to Medical First Response Hospital from the Macomb County Landfill: 

(See attached) 



16.0 EMERGENCY CONTINGENCY PLAN 

16.1 General Information 

This plan is intended to provide immediate response to a serious Site occurrence such as 
injury, explosion or fire. 

In the event of injury to on-Site personnel, the following protocol will be followed: 

i) activate Site Alarm (three short blasts on air horn); 
ii) notify the HSO; 
iii) contact the designated hospital and describe the injury; 
iv) administer appropriate first aid; and 
v) transport personnel to the medical facility along a pre-defined route. 

A route map to the Medical First Response Hospital is shown on Figure 1.1. 
A map of the Site is shown on Figure 1.2 

16.2 DRUM REMOVAL/COMPRESSED GAS CYLINDER WORK PLAN 

In the event that a compressed cylinder or drum is encountered during remediation 
activities at the site, Petro Environmental will store it on-Site. Petro will have readily 
available the following spill control and overpacking equipment: Overpack drums, 
absorbent pads, 55-gallon drums, barricade tape, spark resistant tools and 
accident/incident reports. 

If the release of a hazardous waste occurs from a drum, or a compressed gas cylinder is 
discovered that may be unstable, the primary concern will be the protection of personnel 
and the surrounding community. The situation will be contained as quickly as possible 
using the personnel and resources at hand. If it cannot be contained safely or remotely, 
evacuation of the zones will be necessary until an initial assessment of the situation can 
be made. Petro Environmental' s emergency evacuation route is shown on Figure 1.3. It 
there is a potential threat to the surrounding community, notifications will be made. At a 
minimum, level B protection will be worn by personnel investigating a leaking drum or 
compressed cylinder. Air monitoring will be conducted using an organic vapor detector 
(Hnu) and 4-gas meter to determine for the presence of potentially hazardous constituents 
and oxygen levels. In the event of any hazardous material spills, the appropriate State and 
Federal emergency contacts listed in Table 1 .4 will be notified. Prompt response to all 
on-site spills will minimize the risk that spilled material will migrate off-site. If 
necessary, berms, dikes, or trenches will be constructed, under the direction of the Project 
Manager and HSO to prevent any spills from migrating into the stream. 
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If a liquid spill does occur, it will be contained immediately using a small earthen dike 
established by hand shoveling, and all personnel will be wearing the appropriate level of 
personal protective equipment to be determined on a site specific basis. The contained 
liquid will then be cleaned up using a sorbent material . All materials used during 
cleanup activities will be drummed and stored on Site for later disposal. All drums and 
cylinders discovered will be overpacked and stored on-Site for later disposal. 

16.3 INCIDENT REPORTING 

After an emergency event has occurred and has been resolved, the Project Manager will 
conduct a meeting with all concerned individuals and all personnel on Site at the time of 
the event. This meeting will be held as soon as possible after the event. This meeting 
will be for discussions of the following topics, at a minimum: 

• What was the cause of the event? 
• What parts of the Contingency Plan worked well? 
• What parts of the Contingency Plan did not work well? 
• What is being done to correct the results of the incident? 
• What is being done to prevent similar events from happening again? 

17 



17.0 EMERGENCY AND FIRST AID EQUIPMENT 

Emergency safety equipment will be available for use by Site personnel and will be located and 
maintained on Site. The safety equipment will include, but is not limited to, the following: 

i) two 20-pound ABC type dry chemical fire extinguishers; 
ii) approved first-aid kit for a minimum of 25 personnel; 
iii) fire blanket; and 
iv) portable air horn. 



18.0 HEAT STRESS 

The combination of warm ambient temperature and protective clothing increases the potential for 
heat stress. In particular, heat stress can be evident as: 

i) heat rash; 
ii) heat cramps; 
iii) heat exhaustion; and 
iv) heat stroke. 

These hazards will be discussed during daily safety meetings before commencement of work 
activities, when relevant. Personnel must increase consumption of water and electrolyte
containing beverages, such as Gatorade TM, during warm and hot weather conditions. 

At a minimum, workers will break approximately every two hours for 10- to 15-minute rest 
periods. In addition, workers will- be encouraged to take rests whenever they feel any adverse 
effects that may be heat related. The frequency of breaks may need to be increased upon worker 
recommendation to the HSO. 

A work/rest schedule will be calculated based on heat stress monitoring results. Monitoring will 
consist of taking the radial pulse of a worker for 30 seconds immediately after exiting the work 
area. The frequency of monitoring the radial pulse will be as follows: 

Ambient Temp. 
90.0F or above 
87 .50F - 900 F 
82.50F - 87 .50F 
77.50F - 82.50F 
72.50F - 77 .50F 

LevelDPPE 
After 45 min. of work 
After 60 min. of work 
After 90 min. of work 
After 120 min. of work 
After 150 min. of work 

Modified Level C PPE 
After 15 min. of work 
After 30 min. of work 
After 60 min. of work 
After 90 min. of work 
After 120 min. of work 

If the heart rate exceeds 110 beats per minute at the beginning of the rest period, the next work 
cycle will be shortened by l /2 and the rest period will be kept the same. If the heat rate still 
exceeds 110 beats per minute at the next rest period, the following rest period will be increased 
by 1/3. The initial rest period will be at least five minutes. 

Monitoring for heat stress will begin when the ambient temperature reaches or exceeds 700F 
when wearing modified Level C, Level C or Level B PPE, or 800F when wearing Level D PPE. 
and humidity levels are above 50 percent. initial rest period will be at least five minutes. 
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( 19.0 COLD STRESS 

With outdoor work in the winter months, the potential exists for hypothermia and frostbite. 

Protective clothing greatly reduces the possibility of hypothermia in workers. However, 
personnel will be instructed to wear warm clothing and to stop work to obtain more clothing if 
they become too cold. Employees must also change into dry clothes if their clothing becomes 
wet from perspiration or from exposure to precipitation. 

In cold weather, the potential for frostbite exists, especially in body extremities. Personnel must 
pay particular attention to hands, feet and any exposed skin when dressing. Personnel will be 
advised to obtain more clothing if they begin to experience loss of sensation due to cold 
exposure. 

Employees will be encouraged to seek heated shelter at regular intervals, depending upon the 
severity of ambient temperatures. Symptoms of cold stress, including heavy shivering, excessive 
fatigue, drowsiness, irritability or euphoria . will necessitate immediate return to the heated 
shelter. 
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20.0 POSTED REGULATIONS 

Where appropriate, "No Smoking" signs will be posted at the work area entrance and on the 
perimeter of the work area in addition to signs which state "Work Area, Do No Enter Unless 
Authorized", or similar. In addition, a notice directing visitors to the office will be posted at the 
Site. 

Safety regulations and safety reminders will be posted at conspicuous locations throughout the 
Site. 
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ATTACHMENT I -ACKNOWLEDGEMENT FORM 

a 



ATTACHMENT 1 

TRAINING ACKNOWLEDGMENT FORM 

Please Print: 

NAME: 

ADDRESS: 

SOCIAL SECURITY NUMBER: 

EMPLOYER: 

JOB SITE: Macomb County Landfill Sites 9 and 9 A 

I have attended and understood the mandatory Site-specific initiation session for the above
referenced job site where I read or was provided with an explanation of the Health and Safety 
Plan. This program referenced the following topics: 

i) known potential hazards on Site; 
ii) level of personal protection equipment required; 
iii) emergency procedures for the Site; and 
iv) explanation of the basics of the Health and Safety Plan. 

Signature 

Date 
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ATTACHMENT II 

PETRO ENVIRONMENT AL'S RESPIRATORY PROTECTION PROGRAM 

1. Policy 

2. 

3. 

Appropriate respiratory protection shall be worn as specified by a facility or departID:ent' s 
procedures or a project's Health and Safety plan. 

When working within a client's facility, the respiratory protection requirements of the 
client or Petro Environmental shall be complied with, whichever is more stringent. 

Only employees who have been medically cleared to wear respirators shall do so. 

The respiratory protection and practices identified below are required for all employees 
while on a work site (either facility or project). This includes visits to clients' facilities 
and job walks as appropriate. 

Only Petro Environmental authorized respirators shall be worn. 

Scope 

This policy applies to all Petro Environmental employees, visitors and contractors. 

Provisions 

A. Engineering Controls 

Whenever practical, contaminant levels shall be reduced through engineering 
controls. These controls shall include ventilation, dust control and substitution of 
less toxic materials. 

B. Selection 

1. Selection of respirators shall be based on the hazards that. might be 
encountered. Contaminant levels, toxicity and emergency conditions that 
might arise shall be considered in the selection of respiratory protection for 
a particular project or operation. 

2. Unless otherwise approved by Petro Environmental Health and Safety 
Officers, at a minimum, fullface respirators with appropriate chemical 
cartridges and filters shall be worn whenever the presence of contaminants 
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is suspected or has been detected and the possibility exists that they may 
become airborne. 

C. Facial Hair 

All employees who may be required to wear a respirator in the course of their 
duties must be clean-shaven where the respirator touches the face when they 
report to work. 

D. Fit Testing 

1. Positive/Negative 

Respirators must be fit tested to the user's face with a positive/negative fit test 
prior to each use to ensure proper sealing. 

2. Qualitative 

a) A qualitative (irritant smoke) test shall be administered to all new 
employees prior to the use of a respirator and at least annually 
thereafter. 

b) Tests shall also be administered whenever: 

1. Employees change makes, models or sizes of respirators; 

2. Employees experience any condition which alters the 
configuration of the face; e.g. weight gain or loss of more 
than ten pounds, broken nose, loss of teeth, facial surgery; 
and 

3. Employees perceive that their respirator does not seal 
properly. 

c) The Petro Environmental Qualitative Respirator Fit Test 
Procedures shall be followed in administering the tests. 

d) Qualitative fit tests shall be documented on a form such as the 
Respirator Fit Test Certificate. 

E. Self-Contained Breathing Apparatus (SCBA, ALE) 

1. Breathing air quality shall, at a minimum, meet the Compressed Gas 
Association's Grade D specification. A certification of air quality must be 
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obtained from the supplier at the time of purchase. If a certification is not 
obtained, the air must be tested and certified by a qualified lab prior to use. 

2. SCBAs and ALEs must be inspected prior to each use or a least monthly. 
Records of inspections must be maintained for a minimum of twelve 
months. 

F. Cleaning/Maintenance/Storage 

1. If a respirator is not individually assigned, it must be cleaned and 
disinfected after each use. 

2. Individually assigned respirators shall be cleaned as frequently as 
necessary to insure that proper protection is provided. 

3. Respirators shall be inspected; straps, valves, facepiece, fittings, hoses, 
etc., and repaired as necessary after each cleaning. 

4. Respirators shall be stored in tightly sealed containers in a location where 
the mask is not distorted and temperatures do not exceed 130°F. 

G. Training 

Once each calendar year, employees who are required to wear respirators shall be 
trained in the use of respiratory protection equipment. At a minimum, training 
shall include: 

• Proper Selection 
• Use 
• Fit Testing Procedures (positive/negative and qualitative) 
• Cleaning 
• Maintenance 
• Storage 
• Limitation of Use 

H. Responsibilities 

The responsibility for enforcement of the Petro Environmental Respiratory 
Protection Policy is as follows: 

1. Employees - each employee is responsible for: 

a) Following the instructions received in training; 

b) Selecting the proper respirator for a job; and 
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Introduction 

c) Insuring that their respirator fits properly and 1s clean and 
maintained in a serviceable condition. 

2. Supervisor/Manager - the Supervisor/Manager is responsible for seeing 
that: 

a) Employees are properly fitted with the appropriate type of 
respirator; 

b) Employees receive respirator clearance exams (pulmonary function 
tests); 

c) Employees are properly trained; 

d) The use of respiratory equipment is enforced m 
situations/operations where such use is required; 

e) That respiratory protection equipment is readily availabJe and 
accessible; and 

f) That conditions are evaluated which will allow for proper selection 
of respiratory protection. 

3. Corporate Health and Safety Staff - the Corporate Health and Safety Staff 
will: 

a) Assist in specifying the types of respirators needed; 

b) Provide assistance in the training of Supervisors/Managers and 
employees; and 

c) Provide periodic, comprehensive audits of the respirator program. 
The Medical Monitoring ground will oversee respirator clearance 
exams. 

QUALITATIVE RESPIRATOR FIT TEST GUIDELINES 

In order to achieve the maximum protection possible from a respirator, it must be worn properly 
and seal tightly against the user's face. If a respirator is not sealed properly against the face, 
contaminated air may enter the facepiece from·around the edges of the mask during inhalation. 
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A respirator fit test determines the ability of a respirator wearer to obtain a satisfactory fit with a 
specific make, model and size of respirator. Briefly, the qualitative test consists of exposing a 
respirator wearer to an irritant smoke test agent. If the wearer is unable to detect penetration of 
the test agent into the respirator, the wearer has achieved a satisfactory fit. 

The irritant smoke is produced by breaking the ends off a glass tube and connecting it to a 
squeeze bulb. As the bulb is squeezed and air is forced through the tube, moisture in the air 
reacts with the material in the tube ( commonly stannic chloride or titanium tetrachloride) and 
produces hydrochloric acid which. appears as smoke. The smoke is very irritating to the eyes and 
respiratory tract and must be used properly. 

Frequency of Testing 

Respirator fit tests shall be administered before initial assignment to jobs requiring he use of a 
respirator and at least annually thereafter. 

Tests shall also be administered whenever: 

1. Employees change makes, models or sizes of respirators; 

2. Employees experience any activity which alters the configuration of the face; e.g. 
weight gain or loss of more than ten pounds, broken nose, loss of teeth, facial 
surgery; or 

3. Employees perceive that their respirator does not seal properly. 

Record Keeping 

Respirator fit test records shall be kept for at least the duration of employment. 

The records shall include: 

1. Employee name 

2. Employee number 

3. Job title 

4. Specific make, model, size and approval number of each respirator tested 

5. Test results 

6. Name of person administering test 
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7. Date 

8. Testing agent 

Test Procedures 

1. Explain the purpose of the test and the test procedures to the employee. 

2. Allow the employee to smell a weak concentration of the irritant smoke. 

3. Inspect the respirator which will be worn ( either the employee's o-wn respirator or the one 
which will be used for the test) to insure that the straps, valves, facepiece etc. are in 
satisfactory condition. Refer to the manufacturer's literature for proper inspection 
procedures if necessary. 

The respirator used in the test must be capable of filtering fumes in order to purify the test agent 
from inspired air. Make sure fume filters or cartridges are on the respirator before 
starting the test (regardless of which filters or cartridges an employee normally uses). 

4. Have the individual put the respirator on and tighten the straps, position the facepiece etc .. 
until the respirator is adjusted as he/she normally wears it. 

5. Insure that the employee is clean shaven where the respirator touches the face. 

If facial hair does interfere with the seal of the respirator, discontinue the test until the employee 
is clean shaven. 

6. If this is the first test for an employee, have the employee wear the respirator for at least 
ten minutes before starting the test. 

7. If a half-mask respirator is being tested, insure that the employees wear goggles during 
the test so that his/her eyes are protected from the smoke. 

8. Once the respirator is adjusted, have the employee perform a positive/negative fit test. 

If a seal cannot be obtained with a positive/negative fit test, have the employee change size or 
models until a good seal is obtained. 

9. Have the employee stand in front of an exhaust hood or outdoors and instruct him/her to 
keep their eyes closed during the test even though goggles or a full face respirator are 
worn to avoid irritation of the eyes. 
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10. Keeping the smoke tube about two feet from the respirator, cautiously direct a minimal 
amount of smoke toward the center of the respirator which watching the wearer's 
reactions. 

If the wearer is able to detect the smoke, stop the test. Instruct the employee to readjust the 
respirator and begin the test again at Step 6. In some cases, it may be necessary to 
change to a different size or model of respirator. 

11. If the user does not detect the test agent, move the smoke tube progressively closer to the 
respirator, and increase the density of the smoke, until the tube is within 4" to 5" of the 
facepiece. (Do not move the tube closer than 4" because this distance is required for the 
hydrochloric acid vapor to condense and form smoke.) 

Again, if smoke penetrates the facepiece, readjust the respirator, change sizes, etc. and return to 
Step 6. 

12. If no leakage is detected, direct the smoke at potential points ofleakage in the seal of the 
respirator; under the chin, along the jaws, across the nose pieces of half-masks, from a 
distance of approximately 4" to 5". 

Again if leakage occurs, stop the test and return to Step 6. 

13. Next, while directing smoke at the potential leakage points, have the user perform a series 
of exercises designed to simulate movements which he makes during a normal work 
period. Each exercise shall be performed for one minute. 

These exercises include: 

a) Tum the head from side to side. Inhale on each side. 

b) Nodding the head up and down. Do not bump the respirator on the shoulders. 
Inhale in the up position. 

c) Repeat the Rainbow Passage or count backward from 100. 

Rainbow Passage 

When the sunlight strikes raindrops in the air, they act like a prism and form a 
rainbow. The rainbow is a division of white light into many beautiful colors. 
These take the shape of a long, round arch, with its path high above and its two 
ends apparently beyond the horizon. There is according to legend, a boiling pot of 
gold at one end. People look, but no one ever finds it. When a man looks for 
something beyond his reach, his friends say he is looking for the pot of gold at the 
end of the rainbow. 
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Repeat the Rainbow Passage aloud. 

d) Breath deeply. Be sure breaths are deep and regular. 

e) Any other movements which might be specific to the respirator user's job, which 
might affect the seal of the respirator; e.g. bending over and touching the toes; 
squatting. 

f) Jog in place. 

If leakage is detected at any point during this portion of the test, return to Step 6. 

14. If the wearer is unable to detect the penetration of smoke into the respirator, then a 
satisfactory fit has been obtained and approval shall be given for use of that particular 
respirator. 

15. Repeat the entire test for each respirator the employee uses. 
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Petro Environmental Technologies, Inc. 
Quality Assurance Program Plan 

-, POLICY STATEMENT 

This Quality Assurance Program Plan (QAPP) identifies and documents Quality Assurance re
quirements. This QAPP is but one of several planning documents employed by Petro Environ
mental Technologies, Inc. (Petro Environmental) for projects. Work performed by Petro Envi
ronmental shall comply with this Quality Assurance Program Plan. All Construction Quality As
surance (CQA) standards whether stated in the CQA plan, QAPP, or technical specifications are 
for internal Petro Environmental guidance and internal corporate documentation only. 

PURPOSE AND SCOPE 

The purpose of this Quality Assurance Program Plan (QAPP) is to define QA requirements for 
Petro Environmental projects. The QAPP was developed in response to DOE Order 5700.6C, 
Quality Assurance, and 10 CFR 830.120. 

This Quality Assurance Program Plan has been prepared to provide assurance by Petro Environ
mental that work performed will be of the quality required to satisfy program objectives. This 
QAPP controls all work performed by Petro Environmental. QA requirements shall be applied to 
subcontractors through procure documents as applicable. 

INTRODUCTION 

Petro Environmental shall follow the Quality Assurance (QA)/Quality Control (QC) require
ments as set forth in specific job specifications established by the Client. Additionally, Petro En
vironmental will institute the procedures outlined in this Quality Assurance Program Plan 
(QAPP). The procedures delineated in this QAPP will be employed to ensure overall project 
quality and compliance with project specifications. The procedures presented will describe the 
planned and systematic means and actions taken by Petro Environmental to ensure that the proper 
materials, equipment, construction methods, operations, and workmanship are provided such that 
the project is completed on schedule and in accordance with the Construction Drawings and 
Technical Specifications (CD/TS). 

1.0 QUALITY ASSURANCE PROGRAM 

This Quality Assurance Program Plan identifies ten sections which outline Petro Environ
mental' s quality philosophy and strategy. The QAPP is controlled by the Document Control 
Specialist (DCS) for the Project Manager. It will be revised by the QA Coordinator and the Pro
ject Manager as required to meet the needs of the specific project. Revisions will require ap
provals at the same levels as the original document. The QAPP summarizes the overall organiza
tional structure, functional responsibilities, levels of authority, and interfaces for those managing, 
performing, and assessing the work. As appropriate, planning documents should address admin
istrative, technical, safety, environmental and quality assurance issues. The Project Manager is 
responsible for assigning responsibility for preparation of planning documents. The following 
are the primary Petro Environmental project planning documents: 

• Site-Specific Work Plans - Define site activity requirements. 
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• Quality Assurance Project Plans (QAPjP) - Define QA requirements for a particular 
task/project. 

• Site-Specific ·Health and Safety Plans - Project planning documents must be reviewed by 
the affected organizations, and comment resolution must be documented. Records show
ing document review for the current version will be maintained. 

• Contractor Quality Control Plans - Plan in conjunction with QAPjP to ensure that the 
proper materials, equipment, construction methods and operations are provided in accor
dance with contract requirements and project schedule. 

1.1 Organizational Structure 
Petro Environmental is committed to establishing an organizational and management 
structure to ensure the successful completion of this project. Figure 1 (Appendix A) is an 
organizational chart showing the lines of authority for general phases of work during a 
project. Petro Environmental' s home office will support the on-site management team 
through its owners and Payroll Administrator. The Project Manager (PM) will report di
rectly to the Owners and shall coordinate and manage the day-to-day activities of the pro
ject. Reporting directly to the PM will be the General Superintendent (GS), who is prin
cipally responsible for directing the Area Managers/Superintendents (AMIS) for their de
fined work areas. As shown in Figure 1, reporting directly to the GS are the AMIS, each 
responsible for coordinating, organizing, and exercising authority over the completion of 
their phase of the project. Reporting directly to the AMIS will be Field Foremen/ Super
intendents who will direct work conducted by laborers and operators within each specific 
work area. The AMIS shall also provide direct supervision to any subcontractor's Fore
men contracted to perform specialty trade work within their work area. The Quality As
surance Manager (QAM) and the Safety and Health Manager (S/HM) report directly and 
only to the PM for coordination of daily activities, however, they have no responsibility 
for, and are completely independent of, all project cost and schedule issues. All field QC 
Inspectors and Safety & Health Representatives (S/HRs) individually assigned to a work 
area will report directly to the QAM and S/HM, respectively. Finally, all on-site adminis
trative support needs will be handled by the Project Administrator. 

1.2 Duties & Responsibilities 

1.2.1 Upper Level Management 
Petro Environmental' s Officers shall form the upper level management support 
required to successfully complete the project. The owners of Petro Environ
mental will be responsible for providing overall guidance to the project personnel 
assigned to complete the work for the project. 

1.2.2 Project Man ager 

The Project Manager (PM) will report directly to the Owners of Petro Environ
mental and shall be responsible for the overall coordination and management of 
the project. The PM shall also be responsible for: establishing and maintaining 
communication with the Client's vendors, subcontractors; procurement/financial 
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activities; directing Petro Environmental's AMIS; and other related plans required 
for the performance of work. Ultimately, the PM is accountable for quality, 
safety, engineering submittals, scheduling, budgeting, work plans, contract ad
ministration and change order management. The other key management positions 
(i.e. - GS, S/HM, QAM, etc.) and other corporate resources shall be utilized by the 
PM, as required, to implement work plans, ensure a safe working environment 
and direct construction activities. 

1.2.3 General Superintendent 

The GS reports to the PM and directs/controls the daily field activities of Petro 
Environmental' s personnel, equipment, sub-tier subcontractors and suppliers. The 
GS will be principally responsible for directing the Area Manag
ers/Superintendents (AMIS) for the defined work areas. His oversight will be to 
ensure that construction activities within the defined work areas are in compliance 
with all planning documents, QA/QC requirements, and the CD/TS. The GS will 
also assist with scheduling, resource allocation, engineering and the preparation of 
technical submittals. He will be assisted in this endeavor by Petro Environ
mental' s Safety and Quality Control Staff. 

1.2.4 Project Engineer 
The main responsibilities of the PE will be to provide engineering support to the 
management team, prepare engineering technical and other material-related sub
mittals as required per the Technical Specifications, and maintain all As-Built 
Drawings. Petro Environmental's QAM, will assist the PE in this capacity by 
preparing the completed documents for submittal to Engineering/Construction 
Document Control (ECDC). 

1.2.5 Quality Assurance Manager 
The Quality Assurance Manager (QAM) reports only to the PM and is principally 
responsible for ensuring and documenting that the proper materials, equipment, 
construction methods and operations are provided in accordance with the CD/TS. 
More specifically, the QAM' s responsibilities shall include: managing and over
seeing all subcontractor-required QC activities and ensuring that all QC Inspectors 
are performing their field-related tasks as required; verifying that all subcontrac
tor-required phases of the project and Petro Environmental's QAP are being im
plemented; providing QC orientation/training to on-site employees, as required; 
establishing and performing the three-phase system of QC for both workmanship 
and materials; documenting all inspection-related activities and maintaining all 
QC reports and associated documentation; implementing all nonconformance pro
cedures and corrective action processes; maintaining control of Client-issued Con
trol Documents; verifying the performance of work is in compliance with all 
CD/TS; and ensuring that all project-related submittals are processed and com
pleted as required by contract. The QAM will complete all QC & Safety-related 
submittals and may assist in preparing some material-related submittals; all engi
neering-related submittals will be completed by others. The QAM shall be re
sponsible for tracking and monitoring the status of all submittals via a submittal 
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register. The QC Staff will assume the responsibility of distributing all Client
approved submittals to the field staff, as necessary. 

The QAM shall have the authority to stop any aspect of the project due to poor 
workmanship; the delivery of non-conformable materials; use of improper equip
ment to complete work tasks, including unacceptable methods/work protocols; or 
any other aspect of this project that is determined to be in noncompliance _with 
Construction Drawings and Technical Specifications. Any affect such incidents 
may have on project costs or schedules shall be the responsibility of the PM. All 
QA/QC Managers for various contractor subcontractors will report to Petro Envi
ronmental's QAM, who will ensure that all aspects of this project are completed 
in accordance with the CD/TS. The QAM will also closely coordinate all QA/QC 
activities with the Client's QA staff and the Construction Quality Control (CQC) 
Consultant. 

1.2.6 Quality Control Inspectors 

QC Inspectors may be assigned to a project at various stages to conduct field
related QC inspections for areas of work depending on the size and nature of the 
project. A QC Inspector is independent from each AMIS and GS, and reports di
rectly to the QAM. Their responsibilities will entail: inspecting all of the work
related activities associated within their particularly assigned area to ensure com
pliance with the CD/TS; verifying accuracy of field and/or laboratory soil testing 
results performed by CQC Consultant; informing the AMIS and QAM of any dis
crepancies between the CD/TS and the actual field conditions; distributing pro
ject-related documentation to the AMIS in a timely manner; maintaining a daily 
log of all construction activities occurring within their assigned area; implement
ing and verifying all QC procedures required by the various project-related docu
ments; and assisting the QAM as needed/required via conducting Initial Phase QC 
meetings, providing field training to on-site field staff as warranted, performing 
monthly inspections, inspecting delivered materials and completing Material In
ventory Logs, etc. 

1.2.7 Safety & Health Manager 
The Safety & Health Manager (S/HM) shall implement and enforce the Site 
Safety & Health Plan (SSHP) and all Client safety requirements, oversee and 
manage the activities of each S/HR assigned to particular work areas, participate 
in weekly safety inspections of all active work areas, and ensure that all safety
related documentation is being completed as required by the contract. The S/HM 
shall be assigned to the site on a full-time basis for the entire duration of the field 
activities and shall have no other duties than Safety and Health-related responsi
bilities. The S/HM shall work in conjunction with the QAM on matters relating 
to safety and health, and shall have the authority to stop work if unacceptable 
health or safety conditions exist. 
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1.2.8 Safety & Health Representatives 

A S/HR may be individually assigned to conduct field-related safety and health 
inspections at one or more areas of work, depending on the size and nature of the 
project. The S/HR's responsibilities will entail: inspecting all of work-related ac
tivities associated with his particularly-assigned area to ensure compliance with 
all site-related safety and health documents, permits, the Environmental Health & 
Safety and Training Requirements Matrix (EHS&TRM), SSHP, Final Safe Work 
Plan, etc.; conducting and documenting daily and weekly safety meetings; holding 
safety briefings and coordinating/presenting safety-specific training sessions as 
needed; informing the AMIS and S/HM of any discrepancies between these health 
and safety documents and actual field conditions; distributing project-related 
documentation to the AMIS in a timely manner; maintaining a daily log of con
struction activities occurring within his assigned area(s); and assisting the S/HM 
as needed/required. 

1.2.9 Area Managers/Superintendents 
Petro Environmental may employ an AMIS for each designated work area, as 
needed, depending on the size and nature of the project. The primary responsibili
ties of each AMIS will be to: direct all area Field Foremen/Superintendents during 
the performance of work in order to ensure a smooth and efficient completion of 
the work tasks, provide key management oversight and direction to the tasks being 
completed within each of the defined areas, verify that all work is being com
pleted in accordance with the CD/TS, ensure that all work is performed and com
pleted in a safe manner and that quality workmanship is obtained, and complete 
daily documentation as required or warranted. Each AMIS shall also provide di
rect supervision to any subcontractor's Foreman contracted to perform specialty 
trade work within their work area. 

1.2.10 Field Foremen/Superintendents 
The Field Foremen/Superintendents report directly to the AMIS and are responsi
ble for organizing manpower, materials and equipment to complete their assigned 
tasks. 

1.2.11 Project Administration 

The Project Administrator will be responsible for assisting all key management 
staff as needed, maintaining training records for on-site employees to ensure that 
all are current on their required training, interface with Union personnel as neces
sary, administer the termination procedures to employees terminated from this 
project, complete and distribute project-related correspondence as needed, and re
spond to incoming telephone calls. 

1.3 Orientation/Training 

To ensure that a high quality product is delivered throughout the performance of work 
and to assure that all work is completed in accordance with CD/TS, all on-site personnel 
will be trained to understand the project and the expected quality of work. The first step 
in accomplishing this goal will be to conduct an initial on-site orientation and training 
program with all pertinent project personnel prior to the beginning of field activities. All 
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personnel will be required to sign an employee indoctrination sheet signifying that they 
attended the orientation/training meeting (see Appendix B). These forms will be main
tained on file as part of the Quality Control Records (QCR), located in Petro Environ
mental's Administration Office Trailer. Topics to be addressed during employee indoc
trination will include, but not be limited to: 

• Overall scope and goals of project 
• Client rules, regulations, and policies 
• General safety policy and pertinent provisions of the SSHP 
• Requirements for employee safety and health - Final Safe Work Plan and EHS&TRM 
• Medical facilities and required treatment procedures (i.e. - work-related injuries) 
• Personal protective clothing 
• Safety/Health and QC Structure; identification of Safety and QC Personnel 
• General QC procedures; QC goals and objectives 
• The Three Phase QC Program: 

• Preparatory Phase Meetings 
• Initial Phase Meetings 
• Follow-Up Phase Inspections 

• Final Inspections and approval of work 
• Awareness of quality of work, notification of unsatisfactory work to QAM 
• Notices of deficiency and deficiency tracking procedures 
• Re-work and repairs - quality of such work 
• Daily reporting requirements to QAM by subcontractors 

Carefully reviewing the qualifications of all subcontractors and their personnel prior to 
initiating field activities and implementing and utilizing the three phase system of QC, 
will help to ensure that all project personnel are properly trained. This system will also 
provide a check that the correct procedures are being used in the field during the perform
ance of work and that all completed tasks are in compliance with contract documents. 
The result will be a product that is of high quality and in conformance with all CD/TS. 

2.0 PERSONNEL TRAINING AND QUALIFICATIONS 
The QAM and S/HM will be responsible for ensuring that all pertinent project personnel and 
sub-tier contractors are appropriately trained to perform their associated tasks. This will be ac
complished by requiring that sub-tier contractors submit to Petro Environmental the appropriate 
documentation demonstrating their personnel's qualifications and experience to complete the 
corresponding tasks for which their firm was hired. Any additional Client on-site training re
quirements will be scheduled and administered by qualified on-site personnel prior to allowing 
sub-tier contractor personnel to begin work. Documentation of such training will be completed 
and maintained as part of the QCR. 

In addition to initial orientation and training, a three phase system of QC will be implemented 
and utilized throughout the course of this project. 
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2.1 Preparatory Phase 
The Preparatory Phase will be performed prior to the beginning of work for each pay item 
description or definable work features (e.g. - liner installation, seeding, etc.). The meet
ing will be an open discussion between: Petro Environmental, pertinent subcontractor 
personnel, the CQC Consultant (if required), and any additional on-site personnel as 
stipulated or required by the contract. This meeting will address the scope of work to be 
completed, CD/TS, quality of workmanship, potential safety hazards, equipment require
ments, and any necessary training and/or permit requirements. Any individual not prop
erly trained to complete such work will either be trained accordingly or not permitted to 
perform such work. Minutes of this meeting will be documented on a "Preparatory Phase 
Meeting Minutes" form and maintained as a part of the QCR (sample included in Appen
dix B). 

2.2 Initial Phase 
The second phase of QC to be implemented will be the Initial Phase Meeting. This phase 
will occur at the beginning of a definable work feature. This meeting will provide a re
view of the Preparatory Phase Meeting minutes, confirm the procedures to be imple
mented, and add any further explanation to improve the quality of work. Again, the min
utes of this meeting will be documented on an "Initial Phase Meeting Minutes" form 
(sample included in Appendix B) and maintained as a part of the QCR. Any individual 
not performing the required tasks in conformance with QC standards will be notified of 
such, instructed as to the proper procedures to employ during his/her performance of 
work, and monitored accordingly. 

2.3 Follow-Up Phase 
The third phase of QC is the Follow-Up Phase. This phase, to be performed by the QC 
Inspectors, involves conducting daily checks, including any required control testing, to 
assure continuing compliance with CD/TS. Follow-Up Inspections are performed until a 
particular work feature is fully completed. Final follow-up checks will be conducted and 
all deficiencies corrected prior to the start of additional features of work. Documentation 
of these inspections will be provided on a "Follow-Up Inspection" form (sample included 
in Appendix B) and maintained as part of the QCR. 

3.0 QUALITY IMPROVEMENTS 

3.1 Non conformance Procedures 
Nonconformance is defined as material or workmanship that does not meet the specified 
requirement(s). Items of deficiency will be identified in the field via QC field inspectors 
and/or by the QAM conducting daily Follow-Up Inspections during the performance of 
work, or by the QAM reviewing the manufacturer's QC certificates. Any items of non
conformance identified by parties other than Petro Environmental must be reported to the 
QAM for inclusion into the daily report. Each item reported to be deficient with the 
CD/TS will be recorded on a Nonconformance Report Form (NRF)(see Appendix B), and 
thoroughly investigated. Materials determined to be non-conformant will be identified by 
a red-tag attached by the QAM and labeled so as to clearly indicate that material is not to 
be used on this project. Corrective actions shall be reviewed and implemented as agreed 
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to by all pertinent parties, with the final resolution recorded and documented. At a mini
mum, the NRF will document the following information: 

• A unique identifying sheet number for cross-referencing and document control; 
• Detailed description of the problem; 
• Location of the problem; 
• Probable cause; 
• How and when the problem was located: 
• Estimation of how long the problem has existed; 
• Suggested corrective action; 
• Documentation of correction (reference to inspection data sheets); 
• Final resolution; 
• Suggested method to prevent similar problems; and, 
• Signature of appropriate QC Inspector or QAM, CQC Field Monitor, and concurrence 

by the CQC Site Manager (SM). 

Instances of nonconformance shall be fully investigated and documented to prevent and 
avoid similar occurrences in the future. When NRF's are generated by Petro Environ
mental' s QC Staff, the QAM will distribute the NRF to ECDC, the CQC SM, and the 
Client's Construction Manager (CM) for further discussion/action as deemed necessary or 
required. Additionally, any NRF' s issued on a particular day shall be attached to the cor
responding Daily QC Report and submitted accordingly for distribution to the Client and 
the CQC Consultant. 

3.2 Corrective Action Approval Process 

Instances of nonconformance can be identified and reported to Petro Environmental via 
field staff (i.e. - employees, QC Inspectors), the management team (i.e. - AMIS, QAM) 
and/or the CQC Consultant or CLIENT personnel. Whenever an instance of nonconfor
mance arises, Petro Environmental's QAM shall be immediately notified. The QAM will 
conduct an initial site investigation to determine the validity of the reported deficiency. 
Very minor infractions will be corrected prior to allowing work to proceed, will be fully 
documented on a NRF by the QAM, and the CQC SM shall be notified. Immediate steps 
will be taken with all pertinent on-site personnel to prevent the reoccurrence of such an 
infraction (i.e. - on-site training, specification clarification, etc.). In the event of signifi
cant nonconformances, the QAM shall notify Petro Environmental's PM, the CQC SM 
and the Client's CM. An investigation of the nonconformance shall be conducted to de
termine the validity and the magnitude of the deficiency. Depending upon the nature of 
the situation, a meeting may be scheduled to discuss the nature of the problem and rec
ommended corrective measures. Upon agreement with all appropriate parties, the ap
proved corrective measure will be employed, along with any additional QC control pro
cedures to avoid similar nonconformances. Throughout the entire corrective action proc
ess, all information will be fully documented and maintained as part of the QCR. Copies 
of all NRF' s shall be submitted to ECDC, the Client and the CQC Consultant as directed. 
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4.0 

3.3 Control of Materials/Workmanship 

As part of the joint material inspection process with the CQC Consultant, Petro Environ
mental's QAM will match purchase order (PO) requisitions with material bills of lading 
and the manufacturer's QA/QC documentation to ensure that nonconforming materials 
have not been delivered to the jobsite. In the event that nonconformable materials are de
livered, the materials will be identified, red-tagged, marked as nonconformable for use, 
and segregated from all conformable materials. All such nonconformable materials will 
be sent back to the vendor. Concerning nonconformable workmanship, the QAM will 
make every effort to ensure that only qualified and trained personnel are present on the 
jobsite. As previously mentioned in Section 2.0, the three phase system of QC will be 
employed to check on the quality of workmanship. All nonconformable workmanship 
will be addressed as described in Section 3 .1. 

DOCUMENTS & RECORDS 

4.1 Control of ECDC-Issued Controlled Documents 
All ECDC-issued controlled documents will be handled only by the QAM for distribution 
to Petro Environmental' s Managers, QC Inspectors and sub-tier subcontractors. Upon 
initially receiving such documents, the QAM will verify that ECDC numbers correspond 
with those on the corresponding transmittal form, Supplier Submittal Form and Petro En
vironmental' s submittal register; verify the document name, document number, and date 
received. The QAM shall then identify the number of managers and on-site subcontrac
tors requiring copies of controlled documents, obtain the proper quantity from ECDC, 
and then distribute to each pertinent party. Each person receiving controlled documents 
will be noted on Petro Environmental's Controlled Documents Issuance Log (see Appen
dix B) by the QAM to indicate their receipt of the documents. Each manager, etc., will be 
responsible for distributing such documents to their personnel. Any deviations will be 
reported to ECDC and corrected prior to distribution of any controlled documents. 

The QAM shall sign the ECDC transmittal forms indicating Petro Environmental' s re
ceipt of the documents and return them to ECDC. Certified construction documents re
ceived by Petro Environmental which do not have an ECDC Controlled Copy stamp with 
a red control number will be returned to ECDC. Superseded and canceled documents 
will be marked "VOID" and removed from the field work area. Only voided drawings 
will be maintained in the field office. 

All work shall be performed from current documents marked "ECDC/Controlled". Ap
proved Design Change Notices (DCN) containing the "ECDC/Controlled" stamp will be 
annotated on the affected Controlled Contract Documents and Construction Drawings. 
As part of the QC process, the QAM will routinely review all documents to assure that 
only current Controlled Documents are in use, that DCN s are properly noted on the af
fected documents and drawings, and that work is performed in compliance with applica
ble subcontract documents. Copies of all DCN s affecting CD/TS will be issued to those 
persons identified as having received affected documents on the Controlled Documents 
Issuance Log, and shall be documented on Petro Environmental' s DCN/RCI (Request for 
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Clarification of Information) Transmittal Form (see Appendix B). The affected CD/TS 
shall additionally be annotated by recording the specific DCN/RCI Numbers within the 
spaces provided by a stamp stating: "This Document Is Affected By The Following". 

4.2 Control of Subcontractor Submittals 

The QAM will be responsible for ensuring that all submittals are completed in accor
dance with CD/TS. The QAM will review all submittals for accuracy, completeness, and 
compliance with the subcontract requirements. QCRs are revised (i.e. - inspection reports, 
test reports, etc.), revisions will be made by striking a line through the error or items de
leted, initialed and dated by the QAM or person making the revision. All project-related 
documents will be maintained in files located in the field office by the QAM. Only key 
personnel will be granted access to these files and only copies identified with an ECDC 
red stamp will be permitted to be taken into the field. 

5.0 WORK PROCESSES 
Work shall be performed to established Construction Drawings and Technical Specifications 
(CD/TS). Special work processes may be required during the course of a project ( e.g. welding 
High Density Polyethylene (HDPE) pipe, geomembrane seam welding, hydrostatic testing of 
HDPE pipe, etc.). With each of these type procedures, there are applicable or relevant and ap
propriate requirements (ARARs) and to be considered criteria (TB Cs) that are important to the 
success of a particular special work process. These requirements and criteria must be incorpo
rated into procedures outlining how each of these work processes will be completed. Such pro
cedures, along with pertinent ARARs and TBCs shall be incorporated into the QC program and 
shall be evaluated and discussed during the Preparatory, Initial, and Follow-Up Phases of QC. A 
review of established procedures for each special work process will help to ensure that all of the 
proper equipment and materials are on hand, that knowledgeable and trained personnel are per
forming these tasks, the end product is of high quality, and that all work is completed in accor
dance with the ARARs, TBCs and contract requirements. 

6.0 DESIGN 
Each AMIS will be responsible for maintaining all as-built drawings during the course of a pro
ject for the PE. All drawings will be handled in accordance with the appropriate provisions of 
the contract. All appropriate documents will be redlined at the end of each workday or when ap
plicable, and will be clearly identified as containing as-built information. The redlined notations 
will be clear, concise, up-to-date, and present a legible representation of subcontract changes. 

7.0 PROCUREMENT 

7.1 Subcontract Requirements 

Petro Environmental uses both subcontracts and POs when contracting with subcontrac
tors/vendors to provide materials and/or services for a particular project. POs are used for 
all companies not present on the jobsite (i.e. - material vendors, testing laboratories, etc.). 
All other services requiring the presence of the subcontractor and his personnel to be on
site (i.e. - liner installer, landscaping company, etc.) are obligated to sign subcontracts 
which outline the terms and conditions for their portion of the work process. When exe
cuting subcontracts with a firm, the contract includes the following items: 
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• Statement of Acknowledgment Form - This assigns a subcontractor number, gives a 
brief description of the work, delineates which contract clauses the firm will be ex
pected to comply with (i.e. - wage rates, Davis-Bacon Act, work hours, safety re
quirements, etc.); 

• Request for Submittal of Certificates of Insurance - This a letter defining the require
ments, limits and format of comprehensive general liability, comprehensive autqmo
bile liability, worker's compensation and other required insurance coverages. This 
letter is sent to ensure that all subcontractors understand the insurance requirements 
and obtain/maintain the appropriate coverages. Applicable Federal Acquisition Regu
lation (FAR) clauses are likewise included. 

• Statement Appointing Paymaster Form - This appoints an individual within the sub
contracted firm whom is authorized to complete payroll; 

• Facility Rules - This is a listing of the significant rules and/or regulations the subcon
tracted firm is expected to adhere to while working on the project site; 

• Contract Form - This is the actual contract the selected firm must sign to execute the 
contract between them and Petro Environmental. Article 2 of this form is used to 
track costs to ensure that all services were provided by the selected company at the 
agreed to cost. Additionally, each selected firm must provide an Experience Modifi
cation Rate (EMR) that shall be reviewed and approved by the Client prior to begin
ning on-site work; and, 

• Request for Subcontractor's Schedule - This is the subcontractor's schedule to com ... 
plete their portion of the work and is to be included Petro Environmental' s overall 
schedule. 

A list is maintained by the administrative staff so that all subcontracts are tracked and to 
ensure that all applicable documents are signed and returned to Petro Environmental. 
Once all required documents have been received and verified to have been completed cor
rectly, the documentation is then submitted to the Client CM. 

Regarding POs, every PO has a unique number that is used for tracking purposes and is 
specific for that selected company. Each PO must be completed clearly and accurately 
and is checked by the PM for correctness prior to being issued to the selected firm. As 
with subcontracts, the POs are also utilized for tracking costs and ensuring that all in
voices are correct. 

7 .2 Purchased Items 

Several procedures are employed to ensure that purchased materials received are in ac
cordance with CD/TS. The vendor is required to submit to Petro Environmental samples 
and required documentation that their product meets required specifications. This docu
mentation is submitted to the Client's CM and no materials are ordered from the manu
facturer until approval of the submittal has been received from the Client. Manufac
turer's QA/QC testing results are also reviewed to again ensure that the product meets all 
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requirements. Once the product is delivered to the jobsite, materials shall be jointly in
spected by the QAM/QC Inspector, CQC Consultant, and/or Client QA Staff to check for 
damage, correct quantities, proper labeling, and other information that may be required to 
accompany the delivery order (i.e. - operation & maintenance manuals, installation direc
tions, etc.). This information is recorded on a Materials Inventory Log by the QAM and 
maintained as part of the QCR. The quantities and invoiced amount are checked against 
the PO to ensure that all documentation is accurate. The findings of the QAM/QC In
spector's inspection (Inventory Log) of the delivered goods are attached to the Daily QC 
Report and all documentation is maintained on file in the field office. 

7.3 Nonconforming Items 

Materials delivered to the jobsite which are damaged or determined not to be in compli
ance with CD/TS, shall be immediately red-tagged as being nonconformable and docu
mented on a NRF. All nonconformable items shall be segregated from the acceptable 
items and will not be permitted to be used during the performance of work. Such find
ings are documented in the Daily QC Report and the PM is notified by the QAM. The 
PM and/or QAM are responsible for addressing the problem with the vendor to not only 
rectify the problem, but also to ensure that all future shipments meet specifications. The 
PM/QAM may address the situation with the vendor verbally and/or via letters in an ef
fort to rectify all problems. The PM is also responsible for reviewing, coding and paying 
all invoices from the vendors, therefore Petro Environmental may hold payment as al
lowed by the contract until the matter is fully resolved. The PM may also refer the situa
tion to Petro Environmental' s ownership if the situation warrants. All nonconformable 
items will be shipped back to the manufacturer. 

8.0 INSPECTION & ACCEPTANCE TESTING 

Daily inspections and monitoring of the work being performed will be conducted by either field 
QC Inspectors and/or the QAM in conjunction with the CQC Consultant. Field QC Inspectors 
shall consist of key Petro Environmental Management personnel as previously identified, in addi
tion to our sub-tier subcontractor Craft Foremen. The objective of each inspection is to ensure 
that: all workmanship is being conducted in accordance with the CD/TS; the proper equipment 
and methods are being used to complete the work task; all materials on hand have been approved 
and are of high quality; and that all technical specifications are being met throughout the particu
lar phase of work. The results of each inspection will be fully documented in both Daily QC Re
ports, Follow-Up Inspection Report forms, and/or NRFs as required. Copies of all QC reports 
will be maintained in the field office and distributed to the Client as required. Petro Environ
mental will utilize a Daily QC Report format (see Appendix B), which at a minimum, will in
clude the following items: 

• Summary of construction activities performed; 
• On-site manpower and equipment; 
• Types and results of QC inspections performed; 
• Minutes of QC meetings, copies of Preparatory and Initial Phase meetings with sub

contractor personnel, and minutes of safety meetings; 
• Identification of any instances of nonconformance and discussion of corrective meas

ures initiated, issuance of any NRFs ( see Section 5 .1 ); 
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• Tests performed as required by specifications and the results of such tests; 
• Materials received - note inspection results and storage provided, attach copy of Ma

terials Inventory Log; 
• Any verbal instructions received from the Client or the CQC Consultant via the Cli

ent; 
• Remarks concerning conflicts in plans, specifications, or instructions; acceptability of 

incoming materials; any offsite surveillance activities; progress of work, delays, 
causes or extent thereof; days of no work with reasons for same; etc.; and, 

• Summary of on-site safety activities and reporting of infractions of approved safety 
plan, safety manual, or any instructions from the Client or the CQC Consultant via the 
Client. 

Additionally, all subcontractors will be required to submit to the QAM, daily reports document
ing all work activities performed that day and summarizing any problems or difficulties encoun
tered. The information received in these reports will be incorporated into the Daily QC Reports, 
then discarded. 

Any required subcontractor testing will be conducted in accordance with the technical specifica
tions and/or referenced industry standards, and in concert with the CQC Consultant. If Petro En
vironmental is required to acquire the services of a testing laboratory, every effort will be made 
to ensure that all QA/QC objectives of the project are met and that the laboratory is approved by 
the Client and the CQC Consultant. 

9~0 MANAGEMENT ASSESSMENT 
Petro Environmental's PM, GS and/or PE will meet periodically to conduct overviews of the 
work process to assure continual compliance with the CD/TS and to assess the QC Program. 
This overview process will be documented upon request and copies of the report maintained in 
the field office with other QCRs. Any changes or noted deficiencies may be outlined in an Ac
tion Plan which will identify solutions, corrections, and procedures to be implemented to prevent 
future reoccurrences. Copies of the overview process will be available for review by the Client 
and their CQC Consultant upon request. 

10.0 INDEPENDENT ASSESSMENT 
Petro Environmental recognizes that the Client's QA Staff will conduct periodic oversight of 
Petro Environmental's QC Program. The QAM will cooperate with the Client in the identifica
tion, control, correction, and reporting of material or process deficiencies. Petro Environmental 
will provide Client personnel access to work being performed and to project documentation. It is 
understood that Client QA/QC monitoring may include, but not be limited to: inspection of mate
rials, inspection of work in progress, and programmatic surveillance's. 
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XYZPROJECT 
Subcontract No. ABC 111 

Petro Environmental Technologies, Inc. 

EMPLOYEE INDOCTRINATION 

The following General Project, Health & Safety and Quality Control items were discussed with the undersigned 
prior to beginning work: 

Scope and goals of project 
Site/Client rules, regulations and policies 
General safety policy and pertinent provisions of the SSHP 
Requirements for employee safety & health - Safe Work Plan and EHS&TRM 
Medical facilities and required treatment procedures (i.e. - work-related injuries) 
Procedures for reporting or correcting unsafe conditions or practices 
Personal protective clothing requirements 
Safety/Health and QC Structure; identification of Safety and QC Personnel 
General QC procedures; QC goals and objectives 
Three Pha~e QC Program 

Preparatory Phase Meetings 
Initial Phase Meetings 
Follow-Up Phase Meetings 

Final inspections and approval of work 
Awareness of quality of work; notification of unsatisfactory work to QAM 
Notices ofNonconformance and deficiency tracking procedures 
Re-work and repairs - quality of such work 
Daily reporting requirements to QAM by subcontractors 

Employee's Acknowledgment of Agreement: 

The above items have been presented and discussed with you on the date indicated below. By your signature, you 
understand and agree to follow these discussed requirements and procedures during the execution of your duties 
while working on the ABC Project. 

Employee's Signature Company/Firm 
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Definable Work Feature: 

Personnel Present: 

XYZPROJECT 
Petro Environmental Technologies, Inc. 

PREPARATORY PHASE MEETING MINUTES 

Date: _____ _ 

Review of Applicable Sections (list): 

Review of Contract Plans: _4_ (3) 

Material and Equipment Submittals Complete and Approved (list): 

Testing/Inspections/Controls Required (Describe): 

Work Area Inspection. Required Preliminary Work Complete and Acceptable? _4_ Yes No --
If No, Describe Deficiency & Corrective Action. 

All Required Materials and Equipment on Hand: _4_ Yes No 
If No, Describe Deficiencies and-Corrective Action. 

Safety Activity Hazard Analysis Reviewed: _4_ (3) (reference Safe Work Plan) 

Discussion of Procedures for Completing Work: _4_ (3) 
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:onstruction Tolerances and Level of Workmanship: 

Comments During Preparatory Phase Meeting (DOE/HCN/Client): 

Applicable Pre-Work Plans Accepted by Client: _4_ Yes No 
If No, Is An Interim Plan Being Utilized?: __ Yes __ No 

John Smith, QA Manager 
Petro Environmental Technologies, Inc. 

( 
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Definable Work Feature: 

Personnel Present: 

XYZPROJECT 
Petro Environmental Technologies, Inc. 

INITIAL PHASE MEETING MINUTES 

Date: -------

Review of Preparatory Phase Meeting Minutes: __ (3) 

Preliminary Work Being Performed (Describe): 

Preliminary Work in Compliance with Contract Requirements: __ Yes __ No 
If No, Corrective Action Taken: 

Materials Being Installed (List with Submittal Number and Action Code): 

Equipment Utilized in Executing Work (List): 

Any Deviations From the Previously Approved Submittal(s)?: __ Yes __ No 
If Yes, Describe Deviation (Materials or Construction Methods): 

Testing/Inspections/Quality Control Required (Describe): 
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All Required Materials and Equipment on Hand: 
If No, Describe Deficiencies & Corrective Action: 
~ 

Discussion of Procedures/Methods for Completing Work: 

Yes No 

__ (3) 

Workmanship Meets Minimum Acceptable Standards: __ Yes __ No 
If No, Corrective Action Taken: 

Yes No Safety Measures Comply with Requirements of SSHP & Activity Hazard Analysis: -- --
If No, Corrective Action Taken: 

Safety Activity Hazard Analysis Reviewed: __ (3) (reference Safe Work Plan) 

Is a Change in the Activity Hazard Analysis Required?: Yes No --
If Yes, Describe Changes and Reason(s) Why: 

r 

Comments During Initial Phase Meeting (DOE/HCN/Client): 

Deficiencies Noted In This Report Have Been Addressed/Resolved: __ Yes __ No 
If No, Describe Reason(s) Why and Action Items Initiated: 

QA/QC Representative Verification: 

The above information is complete and correct. Materials being installed are the same as those approved. All 
equipment, materials and workmanship in this phase or work are in strict compliance with the QA/QC procedures 
and requirements of the contract. 

( John Smith, QA Manager 
Petro Environmental Technologies, Inc. 
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XYZPROJECT 
Petro Environmental Technologies, Inc. 

FOLLOW UP PHASE REPORT 

Date: 

Definable Work Feature: 

Types of Control Testing and Inspections Being Performed (Describe): 

Deficiencies Noted Previously Corrected (List and Explain): 

New Deficiencies Noted: Yes No --
If Yes, List and Explain Corrective Action: 

~t Follow-Up Inspection Date: __ or __ None 
u None, All Deficiencies, Corrected so that Next Phase Can Proceed: 
If No, Corrective Action Taken: 

All Noted Deficiencies Have Been Addressed/Resolved: Yes 
If No, Explain Why: 

John Smith, QA Manager 
Petro Environmental Technologies, Inc. 

Yes No 

No 
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To: (Contractor/Subcontractor) 

XYZPROJECT 
Subcontract No. ABC 111 

Petro Environmental Technologies, Inc. 

NONCONFORMANCEREPORTFORM 
NOTICE OF NONCONFORMANCE 

Nonconformance Notice No.: 

Date: 

Time: 

CONTRACTOR: Your attention is directed to the following occurrence of nonconformance: 

Location & Feature of Work: 

Description of Problem (Include contract specification/plan/drawing or Client reference): 

Probable Cause of Problem: 

How and When Problem Was Located (Include estimate of how long the problem has existed): 

Suggested Corrective Action: 

Suggested Method to Prevent Future Similar Problems: 

Contractor Action Taken: 

CLIENT Rep/CQC Rep. Comments: 

Receipt Acknowledged: Date: _________ Time: ____ _ 

Subcontractor Representative 

( . M Jnstruct10n anager 
Client 

John Smith, QA Manager 
Petro Environmental Technologies, Inc. 

CQC Consultant Field Monitor 
(XYZ Inc.) 

--
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INSERT CONTROLLED DOCUMENT FORM 
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INSERT MATERIAL INVENTORY LOG 
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PETRO ENVIRONMENT AL TECHNOLOGIES, INC. 
DAILY QUALITY CONTROL REPORT 

Date: Daily Report Project Nos.: Contract No.: Description/Location of Work: 
No.: XYZ Project, Cincinnati, Hamilton, Ohio 

May 26, 1998 XXX XYZ ABC 111 

WEATHER CLASSIFICATION: METEOROLOGICAL DATA: 

CLASS A: No interruptions of any kind from weather conditions oc- CLASSIFICATION 
curring on this or previous shifts. CLASS: A 

CLASSB: Weather occurred during this shift that caused a complete TEMPERATURE: 
stoppage of all work. MAX.: 83°F MIN.: 52° F 

CLASS C: Weather occurred during this shift that caused a partial PRECIPITATION: 
stoppage of work. INCHES: 0.00 

CLASSD: Weather overhead excellent or suitable during shift. Work 
completely stopped due to previous adverse weather. 

CLASSE: Work overhead excellent or suitable during shift, but work 
partially stopped due to previous adverse weather. 

OTHER: Explain. 

1. Contract/Subcontractors and Area of Responsibility: 

XXX Work Area: 

II No. Trade Hours Location/Description of Work 
II 

II 
II 

YYY Work Area: 

No. Trade Hours Location/Description of Work 

2. Equipment (Not Hand Tools): 

XXX Work Area: 

Equipment Arrival Departure Date of Hours Hours 
Date Date Safety Check Used Idle 

·~\ 

h 

YYY Work Area: 

Hours for 
Repair 
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Equipment -- , 
-

Arrival 
Date 

Departure Date of Hours Hours Hours for 
Date Safety Check Used Idle Repair 

3. Work Performed Today (Indicate location and description of work performed by prime and/or subcon
tractors): 

• XXX Work Area: 

• YYYWorkArea: 

r-

4. Type and Results of Inspections (Indicate whether: Preparatory, Initial, or Follow-Up & include satis
factory work completed or deficiencies with action to be taken): 

5. Tests Required by Plans and/or Specifications Performed and Results of Tests: 

6. Materials Received (Note inspection results and storage provided): 

7. Verbal Instructions Received (List any instructions given by the DOE/HCN/Client personnel on con
struction deficiencies, re-testing required, etc., with action to be taken): 

r 
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8. Remarks (Cover any conflicts in plans, specifications, or instructions; acceptability of incoming materi
als; offsite surveillance activities; progress of work, delays, causes and extent thereof; days of no work 

')vith reasons for same): 

NOTE: Attached are the SSHO's Daily Safety Logs summarizing daily on-site safety activities and which 
describe any infractions of the approved safety plan, safety manual or instruction from Client personnel. 

Contractor's Certification: 

I certify that the above report is complete and correct and that all material and equipment used, work performed 
and test conducted during this reporting period were in strict compliance with the contract plans and specifications 
except as noted above. 

John Smith, QA Manager 
Petro Environmental Technologies, Inc. 
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INSERT MEETING ROSTER FORM 
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, INSERT DAILY REPORTING FORM 
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?ET~O E~-v=~ONMENTAL TECENOLOG:Es, INC. 
ST}~.1IDP-~ OPER.~TING PROCEDURE 
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Specification Section Title 
Number 

Division 1 General Requirements 
01050 Surveying and Grade Control 
01500 Temporary Construction Facilities and Utilities 
01669 Testing Piping System 

Division 2 Site Work 
02100 Site Preparation 
02210 Site Grading 

02210A Turf and Vegetative Cover 
02220 Earthwork 
02221 Trenching, Backfilling, and Compacting 
02247 General Earth Fill 
02270 Erosion and Sediment Control 
02426 Leachate Collection and Groundwater Interception 

Systems 
02433 Gas and Leachate Extraction Wells 

( 

( 



PART 1 GENERAL 

1.01 SUMMARY 

SECTION 01050 
SURVEYING AND GRADE CONTROL 

A. Proposed Work will be staked once, by Superintendent. 

1. SUBCONTRACTOR shall maintain survey stakes. 
2. These stakes will delineate the limits of waste for both landfills. 

1.02 PRIMARY CONTROL MONUMENT 

Rev 0 

A. Bench marks to establish primary vertical control for Work are indicated on Drawings. Elevations 
are referenced to MSL datum. 

B. Monuments or references for primary horizontal control for construction of Work are indicated on 
Drawings. 

C. Preserve and maintain primary control monuments. 

1.03 PRIMARY LINE AND GRADE 

A. Primary line and grade will be provided by means of stakes placed along route or at site of Work. 

B. Stakes for utilities installed by open cut construction will be set: 

1. Parallel to centerline of utility at 100-ft intervals. 
2. Offset to best serve SUBCONTRACTOR. 
3. Adjacent to appurtenances and force main or fittings. 
4. At significant changes in grade. 

C. SUBCONTRACTOR shall: 

1. Provide assistanc~-~~ required. 
2. Arrange operations to avoid interference with establishment of primary lines and grades. 
3. Check accuracy of line and grade by visual inspection, checks between stakes, and periodic 

checks (with surveying equipment) between primary control monuments and stakes. 
4. Be responsible for protection and preservation of stakes. 
5. Prepare and submit as-built drawings. 

1.04 CONSTRUCTION LINE AND GRADE 

A. The SUBCONTRACTOR bears sole responsibility for correct transfer of construction lines and 
grades from primary line and grade points and for correct alignment and grade of completed Work 
based on lines and grades shown on Drawings. 

B. Transfer line and grade for open cut construction of utilities from primary line and grade stakes to 
Work by grade boards, laser beam or other acceptable methods. 

01050-1 PROJNAME-##### 



Rev 0 

1.05 LOT CORNERS AND SURVEY MONUMENTS 

A If such marked corners and monuments are damaged by SUBCONTRACTOR, replace by 
Registered Land Surveyor at SUBCONTRACTOR'S expense. 

* * * END OF SECTION * * * 

01050-2 PROJNAME-##### 



Rev 0 
SECTION 01500 

TEMPORARY CONSTRUCTION FACILITIES AND UTILITIES 

PART 1 GENERAL 

1.01 QUALITY ASSURANCE 

A. Items provided under this section shall be listed and labeled by UL or other Nationally Recognized 
Testing Laboratory (NRTL). 

1. Term "NRTL" shall be as defined in OSHA Regulation 1910.7. 
2. Terms "listed" and "labeled" shall be as defined in National Electrical Code, Article 100. 

B. Regulatory Requirements: 

1. National Electrical Code: Components and installation shall comply with NFPA 70. 

C. Comply with federal, state, and local codes and regulations, and with utility company requirements. 

PART2 PRODUCTS 

2.01 TEMPORARY ELECTRICITY AND LIGHTING 

A. General: 

1. Temporary lighting shall be sufficient to enable SUBCONTRACTOR to complete Work and 
to observe Work as it is being performed. Illumination shall meet or. exceed state code 
requirements. Electricity is to be provided by portable generator or other means. 

B. Responsibilities: 

(Not Used) 

2.02 TEMPORARY HEAT 

A. General: 

1. Cold Weather Protection: Heating required before building is enclosed. 
2. Temporary Heat: Heating required after enclosure of building or structure. Building or 

structure shall be considered as enclosed when it is roofed and has such protection at 
doorways, windows, and other openings as will provide reasonable heat retentions. 

B. Responsibilities: 

(Not Used) 

2.03 TEMPORARY TELEPHONE SERVICE 

A. Arrange with local telephone company to provide telephone service throughout duration of Work. 

B. · Locate telephone in Project construction office for local calls. 
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2.04 WATER FOR CONSTRUCTION 

A Water is available from hydrants. Secure permission from Water Department, obtain necessary 
permits, and notify Fire Department before obtaining water from fire hydrants. Make arrangements 
and pay costs for water, connecting to hydrants, and temporary piping required to transport water to 
point of use. 

B. Connection to hydrant shall prevent backflow to system. 

C. Use only special hydrant operating wrenches to open hydrants. Make certain hydrant valve is open 
full. If hydrants are damaged, SUBCONTRACTOR shall be responsible and shall notify 
appropriate agency so damage can be repaired as quickly as possible. Fire hydrants shall be 
completely accessible to Fire Department at all times. 

2.05 

A 

2.06 

A 

B. 

2.07 

A 

WATER FOR TESTING 

SUBCONTRACTOR shall provide water necessary for testing prior to acceptance of Work, unless 
specifically stated otherwise in Specifications for equipment, system or facility. 

SANITARY FACILITIES 

Provide temporary sanitary toilet facilities conforming to state and local health and sanitation 
regulations, in sufficient number for use of SUBCONTRACTOR and SUBCONTRACTOR's 
employees. 

Maintain in sanitary condition and properly supply with toilet paper. 

TEMPORARY FIRE PROTECTION 

Provide and maintain in working order, minimum of one fire extinguisher in each building, and such 
other fire protective equipment and devices as would be reasonably effective in extinguishing fires 
during early stages by personnel at Project site. 

2.08 TEMPORARY SITE AND_OTHER ROADS 

A Maintain existing roads and public roads used during construction free from accumulations of dirt, 
mud and construction debris resulting from construction operations. Roads shall be considered 
"maintained" when material has been removed by a sweeper. 

2.09 SECURITY 

A SUBCONTRACTOR shall be responsible for loss or injury to persons or property where Work is 
involved, and shall provide security and take precautionary measures to protect 
SUBCONTRACTOR'S and OWNER'S interests. 

2.10 TEMPORARY PARKING 

A Designated areas of existing parking facilities may be used for parking of construction personnel's 
private vehicles and of SUBCONTRACTOR'S light-weight vehicles. 
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1. Do not allow heavy vehicles or construction equipment in parking areas. 

2.11 TEMPORARY FENCING 

A. Provide temporary fencing or postings sufficient to prevent trespass by SUBCONTRACTOR'S 
employees and suppliers onto private property and by public onto construction site. 

B. Materials shall be sufficiently durable to be effective for duration of construction period. 

2.12 PROJECT IDENTIFICATION 

A. Provide signs suitably supported and erected on Project site. 

1. Provide one 4-ft by 8-ft sign with names of SUBCONTRACTOR and Site name lettered 
thereon. 

B. Locate sign at entrance to the site. 

2.13 FIELD OFFICES AND BUILDINGS 

A. If required by SUBCONTRACTOR, erect and maintain in good condition, temporary field office, 
tool, and storage building(s) for SUBCONTRACTOR'S use. 

-1. Tool storage building(s) shall be of ample size to provide space for tools and equipment. 
2. Building(s) shall be neat and well constructed, surfaced with plywood, drop siding, masonite, 

or other similar material, well painted and void of advertisements. 

2.14 MDEQ FIELD OFFICE 

(Not Used) 

2.15 OWNER'S USE 

(Not Used) 

PART 3 EXECUTION 

3.01 GENERAL 

A. Maintain and operate systems to ensure continuous service. 

8. Modify and extend systems as Work progress requires. 

3.02 REMOVAL 

A. Completely remove temporary materials, equipment, signs, and structures when no longer 
required. 

8. In unfinished areas, clean and repair damage caused by temporary installations or use of 
temporary facilities, restore drainage, and evenly grade, seed or plant as necessary to provide 
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appearance equal to or better than original. 

C. In finished areas, restore existing or permanent facilities used for temporary services to specified, 
or original condition. 

3.03 DAMAGE TO EXISTING PROPERTY 

A SUBCONTRACTOR is responsible for replacing or repainng damage to existing buildings, 
structures, sidewalks, roads, parking lot surfacing, and other existing assets. 

B. SUBCONTRACTOR shall have option of having OWNER contract for such Work and have cost 
deducted from Contract amount. 

* * * END OF SECTION*** 
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PART 1 GENERAL 

1.01 SUMMARY 

A. Section Includes: 

SECTION 01669 
TESTING PIPING SYSTEM 

Rev 0 

1. Low-pressure air testing of piping segments done in the field by the SUBCONTRACTOR 
(high pressure air testing is not allowed). 

1.02 SUBMITTALS 

A. SUBCONTRACTOR shall submit test report for each piping segment tested and for installed piping 
system. 

PART 2 EXECUTION 

2.01 GENERAL 

A. Pressure test in presence of designated representative. 

B. Furnish necessary piping connections between section of piping being tested and nearest available 
source of air supply, together with test pressure equipment, meters, pressure gauge, and other 
equipment, materials, and facilities necessary to perform specified tests. Low pressure testing to 
be in accordance with the pipe manufacturer's recommendations. 

C. Provide bulkheads, flanges, valves, bracing, blocking or other temporary sectionalizing devices that 
may be required. 

D. Remove temporary sectionalizing device after tests complete. 

E. Perform tests on exposed piping in sumps after piping is completely installed, including supports, 
hangers, and anchors. 

F. Perform tests on piping system before completing the backfilling of the trench to visually detect 
leakage at pipe joints. 

G. Perform tests on piping that is clean and free of dirt, sand, or other foreign material. 

H. Plug pipe outlets with test plugs. Brace each plug securely to prevent blowouts. 

I. Add test air slowly as specified herein to allow for initial pipe expansion. 

J. Include regulator set to avoid over-pressurizing and damaging piping. 

K. Perform pressure testing in strict accordance with pipe manufacturer's written instruction, these 
Specifications, and in accordance with applicable local, state, and federal safety requirements. 

L. Correct leaks or defects and retest. 
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M. Pressure gauges used for testing purposes shall be marked in increments of 1 psi. Provide 

documentation of latest gauge calibration to verify accuracy of gauge in use. 

2.02 AIR PRESSURE TESTING 

A Perform air pressure testing for installed and completed piping system or on isolated piping 
sections to accommodate construction, as identified in other sections to be air pressure tested. 
Test pressure shall be as specified as follows. 

1. Carrier Pipe Forcemain: 45 psig at high point in test section. 
2. Testing as required by permit. 

B. Air/hydrostatic pressure testing of isolated piping sections shall not replace requirements to provide 
hydrostatic testing of completed piping system. 

C. Open vents at high points to purge air pockets while piping system is filling. Venting may also be 
provided by loosening flanges or with equipment vents. 

2.03 LOW-PRESSURE AIR TESTING 

A General: 

1. Perform low-pressure air testing where requested or otherwise approved to evaluate initial 
pipe fusion welding techniques. 

2. Air test pressure for evaluating initial pipe fusion welding shall not exceed 5 psi for 5 minutes 
at high point of test section. 

3. Test medium shall be compressed air only; pressurized gas is not acceptable. 

B. Preparation: 

1. Isolate pipe section to be tested by plugging each end with air tight plugs. Plug ends of 
branches, laterals and wyes which are to be included in test section. 

2. Brace plugs to prevent slippage and blowout due to internal pressure. 
3. One plug shall have inlet tap or other provision for connecting supply air hose. 
4. Connect one end of air hose to plug used for air inlet; other end to portable air control 

equipment. 
5. Air control equipment shall consist of valves and pressure gauges to control rate at which air 

flows into test section and gauges to monitor air pressure inside pipe. 
6. Connect air hose between source of compressed air and control equipment. 

C. Pre-Installation Testing: 

1. 

2. 

3. 

4. 

5. 
6. 

If pipe to be tested is an out of trench condition, provisions to temporarily restrain pipe test 
section shall be SUBCONTRACTOR'S responsibility. 
Lay test segment on ground surface and allow to reach constant ambient air temperature 
before test. 
Perform test during period when pipe segment will be out of direct sunlight to minimize 
pressure changes as result of temperature fluctuations. 
Fill pipe section with air and gradually increase pressure to 1/2 of specified test pressure, 
then increase pressure in small increments until required test pressure is reached. 
Maintain pressure for minimum of 5 minutes after pressure in pipe has stabilized. 
Pipe segment considered to have failed pressure test if specified test pressure changes 

01669-2 PR OJ NAME-##### 



Rev 0 
more than 1 psi at any time during testing. 

7. Repair pipe and fused joint leaks by cutting out leaking area and rebond suitable segments. 
8. Retest after leaks or defects are repaired. 
9. Piping system shall show no evidence of leakage. 

2.04 TEST REPORTING 

A Designated representative will witness and document final pressure test of piping system. 

B. Test report for each piping system tested shall include following minimum information: 

1. Date of test 
2. Description and identification of piping system tested 
3. Type of test performed 
4. Test fluid 
5. Test pressure 
6. Test Results 
7. Type and location of leaks detected 
8. Corrective action taken to repair leaks 
9. Results of retesting 

* * * End of Section * * * 
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PART 1 GENERAL 

1.01 SUMMARY 

A Section Includes: 

1. Clearing and grubbing. 
2. Stripping topsoil. 

SECTION 02100 
SITE PREPARATION 

3. Demolition and miscellaneous surface features. 

1.02 DEFINITIONS 

Rev 0 

A Structures and Surface Features: Existing structures and surface features including signs, posts, 
fences, trees, shrubs, landscaped surface features, and other miscellaneous items. 

8. Utilities: Existing gas mains, water mains, steam lines, electric lines and conduits, telephone and 
other communication lines and conduits, sewer pipe, cable television, leachate collection pipelines, 
other utilities, and appurtenances. 

C. Clearing and Grubbing: Cutting and disposing of trees, brush, windfalls, logs, and other vegetation, 
and removing and disposing of roots, stumps, stubs, grubs, logs, and other timber. 

D. Salvaged Topsoil: Natural loam, sandy loam, silt loam, silty clay loam, or clay loam humus-bearing 
soils available from overlying portions of areas to be excavated for construction. 

1.03 PROJECT/SITE CONDITIONS 

A Do not block or obstruct roads or streets with excavated or grubbed materials. 

1.04 METHOD OF MEASUREMENT AND PAYMENT 

(Not Used) 

PART 2 PRODUCTS 

(Not Used) 

PART 3 EXECUTION 

3.01 PROTECTION 

A Protect existing utilities against damage. 

8. Contact Local or State Underground Protection Agency before beginning excavation. 

C. Locate existing underground utilities by hand excavation. 

D. If uncharted utilities are encountered during excavation, stop work. 
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Preserve and protect groundwater monitoring wells. Replace damaged or destroyed monitoring 
wells. 

F. Cap or remove and relocate services. Protect, support, and maintain conduits, wires, pipes or 
other utilities that are to remain in place during work. 

3. 02 PREPARATION 

A. Remove obstructions such as mounds of dirt, stone or debris located within limits of construction. 

3.03 

A. 

B. 

C. 

D. 

E. 

3.04 

A. 

B. 

C. 

D. 

3.05 

A. 

Obstructions such as culverts, end walls, and guard posts may be removed if replaced when need 
for removal is completed. Replace to original condition. 

CLEARING AND GRUBBING 

Clear and grub to provide access to construction area, drives, and where grade is to be raised of 
shrubs, trees, stumps, vegetation, rubbish, and other perishable or objectionable matter. 

Grub stumps to depth of not less than 12 inch below original ground surface or subgrade. 

Remove cleared material from site and dispose of materials in accordance with applicable 
regulations, or use in the construction of the landfill. 

Do not remove or cut down trees unless located within limits of excavation as indicated on 
Construction Drawings. 

Do not trim trees unless located within easements or rights-of-way shown on Construction 
Drawings. Cut interfering tree roots and branches 1 inch or greater in diameter perpendicular to 
direction of growth on tree side of trench. 

STRIPPING TOPSOIL 

Cut or mow and remove grass, weeds, and other vegetation before stripping topsoil. 

Remove topsoil to entire depth in areas where construction is to be performed and where grade is 
to be raised. Stockpile for proper drainage. 

Strip stockpile areas of vegetation prior to stockpiling. 

Stripped topsoil shall be free from clay, stones, vegetation, and debris. 

DEMOLITION 

Demolition includes cutting and breaking out existing concrete and masonry, and removal of 
equipment, piping, pavement, utilities, structures, and surface features in direct conflict with Work 
or required to be demolished as shown on Drawings. 

B. Salvage and dispose of materials according to applicable regulations. 

C. Protect utilities, structures, surface features, and facilities which are to remain in-place. 

3.06 RESTORATION 

A. Restore existing utilities, surface features, and structures to condition equal to condition which 
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existed prior to construction. 

B. Replace to original condition or better, damaged landscape work within and outside of construction 
limits in accordance with Section 02930. 

* * * END OF SECTION * * * 
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CLEARING AND GRUBBING 

PART 1 GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Clearing and grubbing. 

1.02 DEFINITIONS 

A. Structures and Surface -Features: Existing structures and surface features including signs, posts, 
fences, trees, shrubs, landscaped surface features, and other miscellaneous items. 

B. Utilities: Existing gas mains, water mains, steam lines, electric lines and conduits, telephone and 
other communication lines and conduits, sewer pipe, cable television, leachate collection pipelines, 
other utilities, and appurtenances. 

C. Clearing and Grubbing: Cutting and disposing of trees, brush, windfalls, logs, and other vegetation, 
and removing and disposing of roots, stumps, stubs, grubs, logs, and other timber. 

1.03 PROJECT/SITE CONDITIONS 

A. Do not block or obstruct roads or streets with excavated or grubbed materials. 

1.04 METHOD OF MEASUREMENT AND PAYMENT 

(Not Used) 

PART 2 SUBMITTALS 

A. Health and Safety Plan for Administrative Subcontractor as described in the Health and Safety 
Plan. 

B. Compliance with Contractor's Quality assurance program (if any). 

C. Proof of workers compensation, insurance, bonding, Uability, and automobile coverage. 

D. Work progress schedule. 

E. Subcontractor's license number (if applicable). 

PART 3 EXECUTION 

3.01 PROTECTION 

A. Protect existing utilities against damage. 

B. Contact Local or State Underground Protection Agency before beginning excavation. 
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C. Locate existing underground utilities by hand excavation, as needed. 

D. If uncharted utilities are encountered during excavation, stop work. 

E. Preserve and protect groundwater monitoring wells. Replace damaged or destroyed monitoring 
wells. 

F. Cap or remove and relocate services. Protect, support, and maintain conduits, wires, pipes or 
other utilities that are to remain in place during work. 

G. Damage to monitoring wells, casings, existing structures will be repaired at own expense. 

H. All work rules to abide by the State of Michigan and local municipalities' rules and regulations. 

I. No water to be discharged off-site without owner's consent. 

3.02 PREPARATION 

(Not Used) 

3.03 CLEARING AND GRUBBING 

A. Clear and grub to provide access to construction area, drives, and where grade is to be raised of 
shrubs, trees, stumps, vegetation, rubbish, and other perishable or objectionable matter. 

B. Grub stumps to depth of not less than 12 inch below original ground surface or subgrade. 

·· C. Remove cleared material from site and dispose of materials in accordance with applicable 
regulations, or use in the construction of the landfill. 

D. Do not remove or cut down trees unless located within limits of excavation as indicated on 
Construction Drawings. 

E. Do not trim trees unless located within easements or rights-of-way shown on Construction 
Drawings. Cut interfering tree roots and branches 1 inch or greater in diameter perpendicular to 
direction of growth on tree.side of trench. 

F. Stockpiles from chipping and mulching to be leveled in accordance with state and local fire and 
safety regulations. 

3.04 RESTORATION 

A. Restore existing utilities, surface features, and structures to condition equal to condition which 
existed prior to construction. 

B. Replace to original condition or better, damaged landscape work within and outside of construction 
limits in accordance with Section 02930. 

* * * END OF SECTION * * * 
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SITE GRADING 
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PART 1 GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Surface Preparation 
2. Placing fill 
3. Field Quality Control 
4. Erosion Controls · 

8. CONSTRUCTION MANAGER or SUBCONTRACTOR will obtain materials including subgrade 
structural fill, straw bales, silt fence, or other erosion control materials. 

C. Measurement and Payment: 

(Not Used) 

D. See Section 02221 for trenching, backfilling, and compaction requirements for drainage pipe 
installation. 

1.02 REFERENCES 

A. American Society for Testing and Materials (ASTM): 

1. ASTM D 1140-92 - Standard Test Method for Amount of Material in Soils Finer than No. 200 
(75-um) Sieve. 

2. ASTM D 1557-91 - Test Method for Laboratory Compaction Characteristics of Soil Using 
Modified Effort (56,000 ft-lbs/ft (2,700 kN-m/m)). 

3. ASTM D 4253-91 - Standard Test Methods for Maximum Index Density of Soils Using a 
Vibratory Table. 

4. ASTM D 4318-84 - Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index 
of Soils. 

5. ASTM D 4632-91 - Standard Test Method for Grab Breaking Load and Elongation of 
Geotextiles. 

1.03 DEFINITIONS 

A Unsuitable Material: Topsoil, peat, organic soils, and materials containing slag, cinders, foundry 
sand, debris, and rubble or soil with less than required bearing capacity as determined by 
ENGINEER. 

1.04 PROJECT/SITE CONDITIONS 

A Notify corporations, companies, individuals or authorities owning above or below ground conduits, 
wires, pipes or other utilities running to property or encountered during grading operations. 

B. Protect, support, and maintain conduits, wires, pipes or other utilities that are to remain in 
accordance with requirements of owners of said services. 
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PART 2 PRODUCTS 

2.01 FILL MATERIALS 

A Conform to requirements of subgrade structural fill specified in Section 02247. 

PART 3 EXECUTION 

3.01 EXAMINATION 

A Examine surfaces to receive fill to determine existence of areas loosened by frost action, softened 
by flooding or weather, of unsuitable materials, or of unsuitable bearing capacity. 

3.02 PREPARATION 

A Fill settled areas where excavations or trenches were backfilled and holes made by demolition, tree 
removal, and site preparation work as specified in Section 02100. 

B. Natural soils or compacted fill softened by frost, flooding or weather shall be removed, replaced, 
and compacted. 

C. Proof-roll areas to receive fill material to detect soft or loose zones prior to placing fill. Remove and 
replace unsuitable material in accordance with Section 02247. 

D. 

E. 

3.03 

A 

3.04 

A 

3.05 

A 

Keep construction site free-draining. 

Scarify existing surfaces to receive fill. 

FILL USAGE 

As needed to created stable foundation. 

PLACING FILL 

Conform to requirements-of Section 02247. 

FIELD QUALITY CONTROL 

Rough Grading Tolerances: 

1. Grade to 4 inches below finished grade in areas to receive topsoil, unless new grade is less 
than 4 inches above existing grade. Grade to bottom of base course in areas to receive 
riprap. Maximum allowable variation from design elevation is ±,3 inches. 

2. Rough grading areas, including excavated and filled sections and adjacent transition areas 
shall be reasonably smooth, compacted, and free from irregular surface changes. 

B. Conform to requirements of Section 02247. 

3.09 EROSION CONTROL 
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A Install silt fence, straw bale berms, and other measures where shown on Drawings and as needed 

throughout construction activities to protect wetlands from sediment. 

B. Drainage from Project area shall be directed toward existing on-site detention basin(s). Drainage 
which cannot be directed to detention basin shall be controlled to prevent erosion or deposition of 
sediment outside Project area. 

3.10 ADJUSTMENT AND CLEANING 

A. Stockpile material suitable for backfill in area designated by OWNER. 

B. Place material not suitable for backfilling or site grading and unsuitable materials in spoil areas 
designated by OWNER and grade to drain. 

C. Rough grade areas to mitigate erosion which are disturbed to achieve lines and grades for 
construction as indicated on Drawings. 

***END OF SECTION*** 
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SECTION 0221 0A 

TURF AND VEGETATIVE COVER 

PART 1 GENERAL 

1.01 SUMMARY 

A. Section Includes: 

1. Seed, fertilize and mulch 

8. SUBCONTRACTOR wil! obtain materials including seed, fertilizer, and mulch. 

D. Measurement and Payment: 

(Not Used) 

E. See Section 02221 for trenching, backfilling, and compaction requirements for drainage pipe 
installation. 

1.02 REFERENCES 

A. American Society for Testing and Materials (ASTM): 

1. 

2. 

3. 

4. 

5. 

ASTM D 1140-92 - Standard Test Method for Amount of Material in Soils Finer than No. 200 
(75-um) Sieve. 
ASTM D 1557-91 - Test Method for Laboratory Compaction Characteristics of Soil Using 
Modified Effort (56,000 ft-lbs/ft (2,700 kN-m/m)). 
ASTM D 4253-91 - Standard Test Methods for Maximum Index Density of Soils Using a 
Vibratory Table. 
ASTM D 4318-84 - Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index 
of Soils. 
ASTM D 4632-91 - Standard Test Method for Grab Breaking Load and Elongation of 
Geotextiles. 

1.03 DEFINITIONS 

(Not Used) 

1.04 PROJECT/SITE CONDITIONS 

(Not Used) 

PART 2 PRODUCTS 

2.01 SEED, FERTILIZER, AND MULCH 

A. Following is general requirements for seeding, fertilizer and mulch to be implemented on all 
disturbed areas unless they are receiving some other type of cover (e.g., rip rap) and to stabilize 
disturbed areas susceptible to excessive erosion. 
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B. Seed Mixture for Drainage Ditches and Graded Areas Stripped of 
Vegetation with Long-Term Exposure: 

Seed 

Tall Fescue 
Creeping Red Fescue 
Kentucky Bluegrass 
Domestic Ryegrass 
Redtop 
Timothy 
Birds Foot Trefoil 

% of 
Mixture 

48 
20 
5 
10 
2 
5 
10 

RevO 

D. Fertilizer shall be organic or inorganic material of natural or synthetic origin or as approved by the 
CONSTRUCTION MANAGER and contain percentage composition expressed as follows. 

Component 

Total Nitrogen 
Total Potash (Water-Soluble) 
Total Phosphoric Acid 

% 
Composition 

12 
12 
12 

E. Mulch shall be unweathered small ·grain clean straw or hay free of weeds, weed seed, chopped 
paper, or wood product. 

PART 3 EXECUTION 

3.01 EXAMINATION 

(Not Used) 

3.02 PREPARATION 

(Not Used) 

3.03 FILL USAGE 

(Not Used) 

3.04 PLACING FILL 

(Not Used) 

3.05 FIELD QUALITY CONTROL 

(Not Used) 

3.06 SEED, FERTILIZER, AND MULCH 
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Seed, fertilize, and mulch disturbed areas outside cell (not including roads), sedimentation basin, 
drainage ditches, and areas striped of vegetation due to construction activities that will be exposed 
for more than 12 months. 

1. Sow seed in conjunction with fertilizer and while seed bed is in friable condition. Immediately 
prior to seeding, topsoil shall be harrowed horizontally across face of slope. Seed shall not be 
sown through mulch. Seed mixture shall be applied at rate of 150 lbs/acre for detention basin 
and 45 lbs/acre for other areas with mechanical drills, hydroseeders or by broadcast method in 
areas inaccessible to drills or hydroseeds. 

2. In areas requiring fertilizer, apply fertilizer evenly at rate of 300 lbs/acre, minimum, and work 
into seed bed before or during final seed bed preparation. 

3. Spread mulch over surface to uniform thickness at rate of 1-1/2 to 2 tons/acre. Mulch shall be 
loose enough to allow sunlight to penetrate and air to slowly circulate, but thick enough to 
shade ground and prevent or reduce water or wind erosion. 

a. Displaced mulch shall be replaced at SUBCONTRACTOR'S expense. 
b. Anchor mulch in place with mulch adhesive or OWNER-approved equal. 
c. Excelsior blanket may be used in lieu of mulch in drainage ditches or other areas of 

concentrated runoff. 

4. Hydroseeding is acceptable to meet the above requirements. 

* * * END OF SECTION * * * 
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PART 1 GENERAL 

1.01 SECTION INCLUDES 

SECTION 02220 
EARTHWORK 

A. Excavation and Grading to shape final cover grades. 

1.02 QUALITY ASSURANCE 

RevO 

A. SUBCONTRACTOR will perform construction quality assurance (CQA) on various aspects of the 
construction to confirm .compliance with the project specifications and to assemble a record of 
the construction quality. 

1.03 METHOD OF MEASUREMENT AND PAYMENT 

(Not Used) 

1.04 RELATED SECTIONS 

A. Section 02210 Site Preparation 

8. Section 02221 Trenching, Backfilling, and Compacting 

PART 2 PRODUCTS 

2.01 GENERAL EARTH FILL 

A. Properties: 

1. The general earth fill will be free of organic material. 

2. The general earth fill can consist of soil fill or rock fill. 

2.02 STRUCTURAL FILL 

A. The structural fill shall be free of organic material. 

8. The structural fill can consist of soil fill or rock fill. 

2.03 COARSE AGGREGATE 

A. Clean sands or gravels or other permeable material generally classified according to Unified Soil 
Classification System as SW, SP, GW or GP. 

2.04 GRANULAR MATERIAL 

A. Clean sands or gravels or other permeable material generally classified according to Unified Soil 
Classification System as SW, SP, GW or GP. 

2.05 SOIL COVER LAYER 

Revision Date: 12/28/94 
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A. Index Characteristics: 

uses Classifications: CL, CH or ML 

B. Permeability: No greater than 1 x 10-5 cm/sec, or be in conformance with the permeabilities of 
on-site clays 

C. Free of tree roots, wood or other decayable materials. 

D. SUBCONTRACTOR shall obtain material from on-site sources, as much as possible. 

PART 3 EXECUTION 

3.01 PREPARATION 

A. Identify required lines, levels, contours, and datum. 

B. Protect bench marks and survey layout stakes from excavation equipment and vehicular traffic. 

C. The subgrade shall be proof-rolled using a loaded 4-tire scraper (20 yd3 size) or other suitable 
equipment. Visual observations shall determine the stability of the subgrade by continuous visual 
observation during proof-rolling. Determination of soft areas by proof-rolling will be based on 
visual observations, but generally detected by deflection of greater than 2 inches and 
accompanied with stress cracks in subgrade. 

D. Soft areas identified by proof-rolling shall be replaced and/or reparied. 

E. The subgrade should be acceptable prior to the placement of the cover soil layer. 

3.02 COVER SOIL LAYER CONSTRUCTION 

A. Do not place cover soil layer until installation of subgrade is completed. 

B. Placement: The maximum final compacted thickness of each lift of the soil cover layer shall be 
six (6) inches or the thickness necessary to protect the integrity of underlying components and 
achieve the required sta~~ards. 

D. Prior to compaction, cover soil will be placed and spread in eight (8) inch thick loose lifts or the 
thickness demonstrated in compaction testing. 

E. At the end of each day, the exposed surface of the cohesive layer shall be protected from 
adverse weather conditions. 

F. Any cover soil layer surface which is smooth shall be scarified prior to placement of a 
subsequent lift. 

G. Equipment used for the compaction of the cover soil layer shall be sufficient to achieve 
compaction requirements. 

H. The SUBCONTRACTOR shall be responsible for preparing the materials for the cohesive layer. 

3.03 FIELD QUALITY CONTROL 

Revision Date: 12/28/94 
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A. Survey: 

1. After completion of construction of cover soil layer, the SUBCONTRACTOR will verify all 
lines and grades. 

2. Tolerance for cover soil layer thickness shall be O to +0.1 feet to verify acceptable work. 

3. Cross sections shall be taken at 100-foot intervals and referenced to existing site control. 
These cross sections will be taken to show the completed subgrade elevations. These 
cross sections will be used as documentation. 

4. The cover soil layer shall be at least twenty four (24) inches thick at all sections of the final 
cover. 

5. The top of the cover soil layer should have a minimum slope of one (1) percent. 

8. Pre-Construction Testing: 

1. Density and moisture content requirements during placement for each material type to be 
used for the construction of the cover soil layer should be determined prior to construction. 
Samples of soil cover material will be tested in a laboratory prior to construction in 
accordance with ASTM D-1557, Modified Proctor. 

Previous testing and evaluations of the proposed cover soil layer material may also be 
used to evaluate density and moisture content requirements for the cohesive layer during 
placement. 

2. The material source shall be accepted based on the results of the tests performed during 
Pre-Construction Testing. 

C. Conformance Testing: 

1. Conformance testing of the cohesive layer material should be performed in accordance 
with the procedures and organization described in the Quality Assurance Program Plan. 

2. Determine soil classification using ASTM D2487-93 (USCS dry sieve) at a frequency of 1 
test per 50,000 cy. 

3. Perform laboratory-· hydraulic conductivity test using ASTM D5084-90 (flexible wall 
permeameter) at a frequency of 1 test per 50,000 cy. 

4. Determine soil moisture-density compaction characteristics using ASTM D1557-91 
(Modified Proctor) at a frequency of 1 test per 50,000 cy. 

5. All conformance testing requirements and standards are for Petro Environmental internal 
guidance and internal documentation only. 

D. Construction Testing. 

1. A demonstration area will be constructed so as to determine the number of passes 
required with compaction equipment to achieve the moisture/density requirements for 
each lift in accordance with the results of the CQA pre-construction testing. 

2. In-place moisture density of compacted soil per ASTM D2922 (nuclear gauge) at a 
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frequency of 1 per acre per lift. 

3. During construction, the SUBCONTRACTOR shall observe and document the items 
outlined in the QA Plan. 

4. If during construction material differs from previously tested materials, then different 
material shall be considered unqualified and additional laboratory testing shall be 
performed to identify characteristics of different material and establish acceptable field 
moisture and density values noted. 

5. All construction testing requirements and standards are for Petro Environmental internal 
guidance and internal documentation only. 

* * * END OF SECTION * * * 
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SECTION 02221 

TRENCHING, BACKFILLING, AND COMPACTING 

PART 1 GENERAL 

1.01 SUMMARY 

A Section Includes: 

1. Trenching for installation of dewatering pipelines and laterals. 

2. Backfilling and compacting after installation of dewatering pipelines and laterals. 

1.02 REFERENCES 

A American Society for Testing and Materials (ASTM): 

1. ASTM D 422 - Standard Method for Particle-Size Analysis of Soils. 
2. ASTM D 1557 - Test Method for Laboratory Compaction Characteristics of Soil Using 

Modified Effort (56,000 ft-lbs/ft (2,700 kN-m/m)). 
3. ASTM D 2922 - Standard Test Methods for Density of Soil and Soil-Aggregate In-place by 

Nuclear Methods (Shallow Depth). 

1.03 DEFINITIONS 

A Unsuitable Material: Topsoil, peat, organic soils, and materials containing slag, cinders, foundry 
sand, debris, and rubble. 

1.04 QUALITY ASSURANCE 

A OWNER will perform construction quality assurance as defined in Quality Assurance Plan. 

1.05 PROJECT/SITE CONDITIONS 

A Do not block or obstruct access roads with excavated materials. 

1.05 METHOD OF MEASURMENT AND PAYMENT 

(Not Used) 

PART 2 PRODUCTS 

2.01 GRANULAR BACKFILL 

A Granular material, consisting of durable particles ranging in size from fine to coarse in substantially 
uniform combination. Unwashed bank-run sand and crushed rock will be considered. 

1. Carbonate content of the granular backfill shall not exceed 5%. 

2. Percent passing No: 200 sieve shall not exceed 15 % provided collector pipes are inspected 
and cleaned out in accordance with the O&M Plan. 
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2.01A TIRE CHIPS 

A. Tire chips can be used instead of granular backfill. Tire chips shall be processed from automobile 
and truck tires to an average size no larger than four (4) inches by four (4) inches. No significant 
steel belting will remain in the tire chips after processing. Application will be made to the MDEQ, 
Waste Management Division to obtain designation of inertness for the tire chips. Tire chips will not 
be used as bedding for the collection pipes. Any mound of tire chips in direct contact with the 
collection pipes will be wrapped in a 6 oz. nonwoven geotextile filter. 

2.02 GENERAL EARTH FILL 

A. Comply with requirements for general earth fill of Section 0224 7. 

B. If the pipes are installed within structural fill placement areas compacted to a specified density, the 
backfill shall conform to the specifications for the structural fill material. 

2.02A RECOMPACTED WASTE 

A. Recompacted waste must be used as general backfill for the lateral pipeline trenches located within 
the limits of waste. 

PART 3 EXECUTION 

3.01 EXAMINATION 

A Examine surfaces to receive fill to determine existence of areas loosened by frost action, softened 
by flooding or weather, of unsuitable materials, or of unsuitable bearing capacity. 

3.02 PREPARATION 

A Sheeting, Bracing, and Shoring: 

1. To be used where necessary in accordance with applicable OSHA regulations. 

3.03 DEWATERING 

A. Keep construction site free-:draining. 

B. Keep excavations free from water. 

C. Maintain dewatering systems to prevent uplifting of structures. 

D. Protect adjacent properties from damage resulting from dewatering operations. 

E. OWNER/SUPERINTENDENT to provide water disposal location either to an adjacent sanitary 
sewer manhole or temporary storage tank(s) located on site, and indicated on the drawings. 

3.04 TRENCH EXCAVATION 

A. Excavate to elevations and dimensions necessary to complete construction. 

B. Remove and replace or compact natural soils or compacted fills softened by frost, flooding or 
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weather. 

C. Remove unsuitable material from within trenches. 

D. Remove soil disturbed by pressure or flow of leachate or groundwater and replace with free
draining material. 

E. Trenching Tolerances: 

1. Excavate so pipes, conduits, and appurtenances, can be laid straight at uniform grade, 
without sags or humps, between elevations shown on Drawings. Grade tolerance shall be 
held to ±0.5 feet for trenches and ±0.2 feet for sumps unless noted otherwise on Drawings. 

2. Minimum trench width shall be outside pipe diameter plus 12 inches. 

F. Place pipe to grade and depth shown on Drawings. The lateral pipeline trench is to be 
placed in full contact with the waste, or as directed by the superintendent. 

G. Ultimate responsibility and liability of trench excavation and backfill shall be SUBCONTRACTOR'S. 
Under no circumstances shall slopes of embankments be steeper than those approved by OSHA 
Obtain, and keep active, necessary permits required by OSHA and local authorities to perform 
excavation and backfill. 

3.05 MATERIAL SELECTION 

A Bedding Material: 

1. Dewatering and Lateral pipelines: Granular Backfil or Tire Chips 

8. Initial Backfill Material: 

Same as bedding material 

C. General Earth Fill: Other areas not previously specified. 

3.06 PLACING TRENCH MATERIALS 

A Do not use frozen material or place fill on frozen subgrade. 

8. Place granular bedding in 2- to 4- inch thick layers as needed to maintain pipe gradient. 

C. Dewatering and Lateral Pipelines: Minimum of two f2) inches below and twenty-four (24) inches 
above the pipe. 

D. General Earth Fill and Structural Fill Material Limits: 

1. 

F. 

1. 

For trenches located outside Structural Fill placement areas, general earth fill should be 
placed outside the limits of the bedding and the initial backfill up to the top of the trench and 
within the entire trench width. 

Backfill Placement: 

Do not backfill trenches until tests and inspections are completed. Avoid damage or 
displacement of pipe systems during backfilling. 
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2. Area shall be finished off to uniform contour to properly drain, and entire surface graded to 

result in neat-appearing surface. In event of natural cross-drainage, depressed section shall 
be formed through crowned backfill. 

3. Immediately after backfill, remove excess dirt from area. In addition, damage to existing 
roadways, ditches, culverts, driveways, and other existing improvements shall be repaired at 
this time. 

4. Waste is not to be removed from the site. Waste left over from lateral trench excavation and 
backfill will be redeposited on-site at the direction of the superintendent. 

5. At the discretion of the site superintendent, if an excavation is extremely wet backfilling· and 
machine compaction may not be suitable. 

G. Where pipes or electrical ducts cross, protect piping or ducts at higher elevation by backfilling 
trench within higher pipe or duct influence zone down to bedding of lower pipe or duct with 
structural fill. 

3.07 COMPACTION 

A Provide mechanical compaction for general fill material. 

B. Lift Thickness and Compaction: Place and compact general fill materials to minimum 85% 
Modified Proctor densities as determined by ASTM D 1557 and D 2922. 

3.08 ADJUSTMENT AND CLEANING 

A Stockpile excavated material suitable for backfill on designated site and grade to drain. Place no fill 
where trenches for other utilities will be located. 

B. Place excavated material not suitable for backfilling or site grading and other unsuitable materials in 
designated spoil areas and grade to drain. 

***END OF SECTION * * * 
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1.01 DEFINITIONS 

SECTION 0224 7 
GENERAL EARTH FILL 
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A Unsuitable Material: Topsoil, peat, organic soils, and materials containing slag, cinders, foundry 
sand, debris, and rubble. 

1.02 QUALITY ASSURANCE 

A SUBCONTRACTOR will perform construction quality assurance (CQA) as defined in Quality 
Assurance (QA) Plan for the installation of lining systems. 

1.03 METHOD OF MEASUREMENT AND PAYMENT 

(Not Used) 

PART 2 PRODUCTS 

2.01 GENERAL EARTHFILL 

A Properties: 

1. The general earth fill will be free of organic material. 

2. The general earth fill will consist of soil fill or rock fill. 

B. SUBCONTRACTOR will obtain soil fill or rock fill from on-site and/or off-site sources. 

PART 3 EXECUTION 

3.01 EXAMINATION 

A The subgrade shall be prepared in accordance with the requirements of the construction drawings 
and the project specifications. 

1. The upper organic layer should be thoroughly stripped within the fill placement areas. 

2. Adequacy of the existing on-site soils to support the design loads should be verified by 
observing the amount of deflection and/or rutting which takes place under the wheels of 
construction equipment. 

3. Soft areas identified by proof-rolling should be undercut and replaced by compacted soil fill. 
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3.02 EXCAVATION 

A Excavate within limits of Project to lines, grades, and elevations shown in the Construction 
Drawing. 

B. Segregate excavated materials into soil fill, rock fill, and unsuitable material. 

C. Transport excavated materials to fill areas, or to designated stockpile. 

D. Dispose of unsuitable material in accordance will applicable regulations. 

E. Dewatering: 

1. Maintain surface water control and free drainage. 

2. Provide surface water pumps, hoses and other necessary equipment and labor to keep 
excavation free of standing water. 

F. Over excavate to remove unsuitable material. 

3.03 FILL PLACEMENT 

A Scarify prepared subgrade surface before placement of fill material to provide bonding between fill 
material and prepared placement areas. 

B. Prior to placement, all fill materials should be classified as soil fill. The classification should be 
performed at the excavation area prior to placement of fill in the designated fill area or at the 
designated stockpile. 

C. All fill materials shall be placed in maximum 12-inch loose lifts. However, layers less than 12 
inches in loose thickness will be required, when necessary, to obtain the specified density. 

E. The maximum size of the particle in the fill should not exceed 12 inches (in any dimension). 

F. Compaction 

1. The fill materials which are not having 5% by weight greater than 1-inch sieve OR not having 
60% ·by weight greater than No: 4 sieve should be compacted to at least 85% of Modified 
Proctor density at -4% to +2% of optimum moisture content. 

G. At the end of each day, the exposed surface of the subgrade shall be protected from adverse 
weather conditions. 

H. Any surface which is smooth shall be scarified prior to placement of a subsequent lift. 

I. The SUBCONTRACTOR shall be responsible for preparing the materials for the fill placement, 
including but not limited to, soil amendment and in-place drying or wetting of the soil necessary to 
achieve the density and moisture content requirements during placement of the fill. 

J. Fill materials placed along slopes should be benched into the existing slopes as shown on the 
construction drawings. 
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3.04 FIELD QUALITY CONTROL 

A Survey: 

1. After completion of construction of general earth fill, the SUBCONTRACTOR shall verify all 
lines and grades. 

B. Pre-Construction Testing: 

1 . Previous testing and evaluations of the proposed fill materials may be used to evaluate 
borrow areas. 

2. The minimum frequency of tests required for general earth fill materials: Modified Proctor 
(ASTM 01557) one per type of material, Grain-size distribution (ASTM 0422) one per type of 
material. 

C. Conformance Testing: 

None Required. 

D. Construction Testing. 

1. Field density tests of soil fill will not be required when one of the following conditions are 
encountered: 

a) The material contains more than 5 percent plus 1 inch sieve size particles. 

b) The material contains more than 60 percent plus No. 4 particles. 

When the amount of coarse particles obviously exceeds the above criteria, the basis of 
determination of compaction shall be visual inspection. 

When the material contains substantial quantities of soil passing No. 4 sieve, a field sieve 
analysis should be performed and the results recorded on or attached to the density test 
report (applies to mixtures of New Albany Shale with other soils). 

Report the basis fofwaiving the test on the density report form. 

2. Questions concerning the accuracy of any single test shall be addressed by retesting in the 
same general location. • 

3. Rework lifts that fail to meet density or moisture testing. Rework includes: 

a. Defining rework area(s). 
b. Discing 
c. Moisture conditioning 
d. Compacting 
e. Retesting 

Rework area that fail retesting shall be reworked until it meets the specification or failing material 
removed and replaced at no cost to OWNER. 

4. During construction, the SUBCONTRACTOR shall observe and document the items outlined 
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in the QA Plan. 

5. If during construction material differs from previously tested materials, then different material 
shall be considered unqualified and additional laboratory testing shall be performed to identify 
characteristics of the different material. 

* * * END OF SECTION * * * 
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SECTION 02270 

EROSION AND SEDIMENT CONTROL 

PART1 GENERAL 

1.01 DESCRIPTION 

A. Scope 

1. Work shall include providing, installing and maintaining sediment control measures for use 
during construction and during post construction while vegetative cover is being established. 

B. Definitions 

1. Erosion is the washing away of soil. 
2. Sediment is soil that has already been eroded. 
3. Erosion control is the prevention or minimization of erosion. 
4. Sediment control is the trapping of suspended soil particles. 

1.02 MEASUREMENT AND PAYMENT 

(Not Used) 

1.03 SUBMITTALS. 

A Description of sediment control'method that will be used. 

8. Silt fencing sediment control product literature data on geotextile fabric and manufacturer's 
installation data. 

1.04 TRANSPORTATION, HANDLING, AND STORAGE 

A. During shipment and storage, silt fencing fabric (geotextile) shall be wrapped in relatively 
impermeable and opaque protective covers. 

B. Handling, storage, and care of silt fence, and straw bales on site is responsibility of 
SUBCONTRACTOR prior. to ... during, and after their installation. 

PART 2 PRODUCTS 

2.01 MATERIALS 

A. Silt Fence 

1. Silt fencing shall consist of geotextile fabric secured to four (4) foot long, 1-1/2 inch by 1-1/2 
inch hardwood posts on 8-foot centers. 

2. The geotextile fabric shall consist of a 2-foot wide non-woven polypropylene material that 
meet the following average roll values: 
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Progertv/Unit MAR. Value1 Test Method 

Grab Strength, lbs. 100 ASTM 04632 

Burst Strength, psi 200 ASTM D 3786 

Apparent Opening Size (AOS) 50-140 ASTM D 4751 
U.S. Standard Sieve 

Ultraviolet Resistance, % 90 ASTM 04355 

Water Flow Rate, gpm/sf 10 ASTM D 4491 
1 Minimum Average Roll Values are based on a 95% confidence level. 

B. Straw Bales 

NOT USED 

PART 3 EXECUTION 

3.01 PERFORMANCE 

A Silt Fencing 

1. Silt fencing shall be installed as detailed on project drawings. 

2. Install with the posts to the downstream direction and the fabric to the upstream direction. 
The fabric shall be anchored below grade approximately 6 inches. Replace and compact 
soil in anchor trench to restore to original grade. 

B. Straw Bales 

NOT USED 

3.02 MAINTENANCE 

A The SUBCONTRACTOR shall inspect all erosion control devices immediately after each rainfall and 
at least daily during prolonged rainfall. 

B. Excessive sediment deposits shall be removed as needed. 

C. Replace damaged silt fencing as long as sediment control is required. 

* * * END OF SECTION * * * 
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SECTION 02426 
DEWATERING AND LATERAL PIPELINE SYSTEMS 

PART 1 GENERAL 

1.01 SUMMARY 

A. Dewatering and lateral pipeline materials and construction requirements within proposed 
landfill phase are as follows. 

1. Install perforated dewatering and lateral pipe (with three holes per linear foot of 
pipe each holes evenly spaced around the ciorcomfrence of the pipe), perforated 
and non-perforated cleanout risers. The limits of waste were determined and the 
pipelines will be installed according to the plans and details. Where the waste is 
not consistent with documented limits, field modifications to the pipe installation 
may be necessary. 

2. Install dewatering sump piping and incidentals such as valve box risers. 

1.02 RELATED SECTIONS 

A. Section 02221 - Trenching, Backfilling, and Compacting 

1.03 SUBMITTALS 

A. Product Data: 

1. Manufacturer's specifications for leachate collection system and groundwater 
interception system components 

1.04 DELIVERY, STORAGE, AND HANDLING 

A. SUBCONTRACTOR will arrange for delivery and unloading of materials on-site. 

PART 2 PRODUCTS 

2.01 DEWATERING AND LATERAL PIPING 

A. Poly Vinyl Chloride (PVC) 

1. Collection Piping: Schedule 80, perforated of appropriate diamter 

2. Perforations: 5/8-in. diameter holes at locations approved by the Superintendent 
(three holes per linear foot of pipe with each hole evenly spaced around the 
circonfrences of the pipe) 

3. Cleanout Risers: 6-in. diameter, Schedule 80, non-perforated pipe and perforated 
pipe (as shown on the drawings) with hinged blind flange cover plate or cap and 
locking mechanism. 

4. Welding Solvents: ASTM D2564. 
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5. Fittings: ASTM D2464 or D2467 for Schedule 80 PVC fittings. 

6. 

7. 

Physical properties of pipe and fittings shall conform to Section 15078. 

May substitute high density polyethylene (HOPE) SDR-11 pipe for the PVC pipe, 
see Section 2.01 B. Though PVC has a higher flow capacity, HOPE is preferred 
as it is safer to install where trech sideslopes are unstable. 

B. High Density Polyethylene (HOPE) Pipe 

1. Collection Piping: 6-in. diameter, SDR-11, perforated. 

2. Perforations: 5/8-in. diameter holes at locations approved by the Superintendent 
(three holes per linear foot of pipe with each hole evenly spaced around the 
circonfrences of the pipe). 

3. Cleanout Risers: 6-in. diameter, SDR-11 non-perforated and perforated pipe (as 
shown on the drawings) with hinged blind flange cover plate or cap and locking 
mechanism. 

4 Butt Fusion Welding: In accordance with pipe manufacturer's requirements. 

5. Fittings: SDR-11. 

6. Physical properties of pipe and fittings shall conform to Section 15079. 

2.02 GRANULAR MATERIALS 

A. Coarse Aggregate for Bedding Collection Pipe 

1. Physical properties of coarse aggregate material shall conform to Section 02221. 

2. Gradation requirements as determined by ASTM 0422. 

B. SUBCONTRACTOR will prepare lab analysis and separate samples for conformance 
testing before and during placement. 

2.03 MISCELLANEOUS MATERIALS 

A. Metallic Marking Tape: 

1. Permanent, bright-colored, continuously printed, metallic warning tape 
compounded for direct burial service not less than 6-in. wide by 4 mils thick. 

2. Imprinted "Caution - Buried Utility Service Below" 

PART 3 EXECUTION 

3.01 PIPING INSTALLATION 

A. Leachate Collection and Groundwater Interception Pipe 

1. Lay pipe on granular or soil bedding. Orient pipe perforations down if not 
continous. 
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2. Place drainage material on both sides of pipe to provide uniform lateral support. 

3. Continue placing drainage material to minimum 24-in. thickness above the top of 
collection pipe (see detail drawings). 

4. Pipe joints shall be tight and true and welded in accordance with manufacturer's 
recommendations. 

5. Direct burial trenching method is acceptable with approval. 

B. After placing pipe and granular soil to provide uniform lateral support, leave top of pipe 
exposed to allow record survey information to be recorded by others. 

* * * END OF SECTION * * * 
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SECTION 02433 
GAS AND LEACHATE EXTRACTION/ WELLS 

PART 1 GENERAL 

1.01 SUMMARY 

A Section Includes: 

1. Drilling of bore holes. 
2. Field measurements/observations during drilling. 
3. Laboratory testing of materials. 
4. Well installation. 
5. Cleanup. 
6. Well abandonment. 

B. Payment for Well Construction: 

(Not Used) 

1.02 REFERENCES 

A American Society for Testing and Materials (ASTM): 

Rev 0 

1. 
2. 
3. 

C136. REV A-84 -: Standard Method for Sieve Analysis of Fine and Coarse Aggregates. 
C702-87 - Standard Practice for Reducing Field Samples of Aggregate to Testing Size. 
01557-91 - Standard Test Method of Moisture-Density Relations of Soils and Soil Aggregate 
Mixtures Using 10-lb (4.54 kg) Rammer and 18-in. (457 mm) Drop. 

4. 
5. 

6. 

7. 

02487-92 - Standard Test Method for Classification of Soils for Engineering Purposes. 
02488-90 - Standard Practice for Description and Identification of Soils (Visual-Manual 
Procedure). 
02922-91 - Standard Test Methods for Density of Soil and Soil-Aggregate in Place by 
Nuclear Methods (Shallow Depth). 
04318-84 - Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils. 

1.03 SUBMITTALS 

A Final boring logs for each well. 

B. Construction diagrams for each well. 

C. Plan drawings showing well locations and depths to be submitted for MDEQ review prior to 
installation 

1.04 QUALITY ASSURANCE 

A Work shall be supervised by professional experienced in installation of gas wells. 

1.05 PROJECT/SITE CONDITIONS 

A Obstructions are sometimes encountered when drilling in a landfill, many of which can be drilled 
through. SUBCONTRACTOR expected to make reasonable effort to drill through obstructions. 
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PART 2 PRODUCTS 

2.01 PIPE 

A Gas Wells: 

1. Well Pipe: 2-in to 3-in dia. non-perforated HOPE SDR-17 or. non-perforated Schedule 80 
PVC. 

2. Well Screen: 8-in. dia perforated Schedule 80 PVC pipe with end slip cap. Cut slots to 
dimensions shown on Drawings. 

3. Well Coupling: Join perforated and non-perforated well sections by PVC coupling. Use 
galvanized carbon steel lag bolts with coupling. 

B. Leachate Wells: 

2.02 

A 

2.03 

A 

B. 

2.04 

A 

1. Well Pipe: 4-in. dia non-perforated Schedule 80 PVC. 
2. Well Screen: 6-in. dia Schedule 80 PVC. Cut slots to dimensions shown on Drawings. 

Cement PVC slip cap to bottom of screen. Install manufactured well screen. Field-cut slots 
not acceptable. 

3. Or as accepted by the CONSTRUCTION MANAGER. 

AGGREGATE 

General backfill material shall consist of unwashed bank-run sand or sand and gravel mixture. 

SOIL BACKFILL 

Soil backfill will meet the requirements of Section 02247. 

SUBCONTRACTOR will obtain soil backfill material from on-site sources. 

BENTONITE 

Manufacturers: 

1. Baroid. 
2. American Colloid. 
3. Or equal. 

B. Bentonite Pellets: Use pellets in bore holes in slurry mix. Provide water for slurry mix. Graded 
Bentonite (hole plug or equal): 1/4 to 3/8 in. size. Hydrate in maximum 12-in. lifts. 

PART 3 EXECUTION 

3.01 PREPARATION 

A SUBCONTRACTOR will survey installation locations prior to beginning Work. 
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8. Record offset distance from survey stake to final location of bore hole. Offset locations shall be 

approved prior to drilling. 

D. Provide equipment necessary to move drill rig if wet weather conditions encountered. 

3.02 SPOILS DISPOSAL 

A Excavated Refuse Disposal: 

1. On-Site: Dispose of drilling spoils on-site. 

3.03 DRILLING 

A Field Measurements/Observations: 

1. Record depth measurements to nearest 1/10th ft on boring logs. 
2. Perform gas leachate temperature measurements near bottom of completed well and record 

on boring logs. Maintain temperature recorder in well for minimum of 30 min. Gas Leachate 
temperature not acceptable. 

3. Record general description of refuse at 5-ft intervals on boring logs (i.e., none, slight, 
moderate, high). 

4. Record moisture level of refuse at 5-ft intervals on boring logs (i.e., dry, moist, wet). 

8. Well Depths: Well excavation shall extend to depths equal to bottom of adjacent waste grades. 
Do not drill into existing clay liner at bottom of landfill site. SUBCONTRACTOR will verify existing 
grade elevation prior to drilling. Advance drilling equipment with care; note drill torque, pressure, 
and depth when within 10 ft of expected base of landfill. 

3.04 INSTALLATION 

A Solvent weld pipe sections and install galvanized carbon steel lag bolts, or HOPE pipe but fuse 
welding if depth requires it. 

8. Install well piping as single continuous unit. 

1. Install piping to minimize flexural stress to unit. 

C. Screen Section Backfill: 

1. Measure depth to bottom of well. 
2. Backfill with filter pack. 
3. Extend filter pack 2 ft above screen, as shown on Drawings. 
4. Place intermediate filter directly above filter pack. 

D. General Backfill: 

1. Place general backfill on intermediate filter to approximately 3 ft below ground surface. 

E. Bentonite Seal: 

1. Place 4-ft bentonite seal directly on general backfill. 
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2. Use graded bentonite in bore holes. Provide water for hydration. 

F. Surface Clay Seal: 

1. SUBCONTRACTOR responsible for transport from on-site stockpile to well location. 
2. Place clay on general backfill to approximately 1 ft above existing ground surface. 
3. Compact clay in 1-ft lifts to 90% of maximum dry density obtained by Modified Proctor 

(ASTM D1557). Perform 1 Proctor test for each clay material type used. Hand-compact 
surface clay seal to minimize surface water infiltration. 

4. Slope clay surface away from well pipe. 

3.05 LABORATORY TESTING 

A Well Backfill Materials: 

1. Perform minimum of 4 laboratory grain size distribution tests on representative samples of 
filter pack and intermediate filter materials. 

2. Clay Backfill: Clay soil used for capping clay shall meet requirements of Article 2.03. Obtain 
minimum of 2 samples for laboratory testing. Test parameters as listed in Article 2.03. 

B. SUBCONTRACTOR will provide laboratory testing on clay backfill. 

C. SUBCONTRACTOR responsible for'laboratory testing, unless otherwise specified. 

3.06 CLEANUP 

A Dispose of debris and spoils resulting from drilling operations specified on-site disposal area in 
accordance with local and state codes. 

B. Seeding of disturbed areas is SUBCONTRACTOR responsibility. 

C. Repair ruts in landfill cover, caused by SUBCONTRACTOR'S equipment, greater than 5 in. deep to 
condition and density equal to or exceeding that which existed prior to construction. 

3.07 WELL ABANDONMENT 

A Abandoned wells are to be cut off at the ground surface in a safe and effective manner. 

B. The cut off standpipe and associated appurtenances are to be disposed off in accordance with 
applicable regulations. 

C. The exposed well pipe is to backfilled with grout or other appropriate material to completely seal the 
exposed pipe. 

D. The grouted pipe end is to be covered with a minimum 12 inches of general fill soil. 

E. The location of the abandoned well is to be recorded on applicable project drawings and 
documentation. 

* * * END OF SECTION * * * 
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1. Introduction 

This Performance Monitoring Plan (PMP) for the Macomb County Landfill Properties 9 and 9A is 
designed to evaluate the effectiveness of the site's Remedial Action Plan (RAP). "Property" means 
the property of Landfills 9 an 9 A located south of 24 Mile Road, west of Card Road, and north of 
the McBride Drain and legally described in Appendix A of the Consent Decree except as modified 
by written agreement between SDMA and MDEQ. The PMP is considered as part of the RAP and 
together will ensure that the properties are remediated in accordance with the applicable regulations 
and court decisions. 

This PMP is specific to the monitoring of the remedial action measures. Engineering and 
construction of the remedial systems are discussed in the RAP. The main focus of this PMP is the 
evaluation measures needed to assess the effectiveness of the remedial efforts. Within the time 
frame of the remediation system's operation the following PMP goals will be achieved: 

(1) Reaching and maintaining generic residential criteria in groundwater, 
(2) Within four years of system start up reach and maintain hydraulic control of the 

groundwater plume that exceeds the health-based residential criteria, and 
(3) Within four years of system start up reach and maintain chemical containment of 

groundwater plume that exceeds the health based residential criteria. 

The final remediation goal is to achieve and maintain generic residential standards in the 
groundwater at all points in the aquifer beyond the property. Upon achievement of such a goaJ, it is 
anticipated the site will be deleted from the National Priorities List (NPL). 

2. Summary 

The PMP will be incorporated into the RAP that meets the requirements of Sections 18, 20a and 
20b of Part 201 ofNREPA. Any disputes involving the PMP will be resolved in accordance with 
Section XVI (Dispute Resolution) of the Consent Decree. SMDA will perform the following tasks 
as part of its PMP for the Macomb County Landfill Properties 9 and 9A. These tasks include the 
following: 

1. Installation of monitoring wells as required. 

2. Sampling of groundwater from the monitoring wells to determine their appropriateness 
for background use. 

3. Monitor the geographic extent of the aesthetic exceedance response from household 
groundwater well data. 

4. Sample and analyze water from monitoring wells to assess current conditions and assess 
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the effectiveness of the RAP in achieving chemical containment. 

5. Measure groundwater elevations within the monitoring wells to assess the effectiveness 
of the RAP in achieving hydraulic control and dewatering. 

6. Assess the overall performance of the remedial systems in achieving steady state and 
completion of the dewatering phase. 

7. Notify MDEQ of excessive leachate/groundwater elevation conditions. 

8. Notify MDEQ of excessive chemical monitoring conditions. 

9. Perform periodic reviews of the remedial systems performance and make modifications 
to these systems as necessary. 

10. Maintain and operate all pumps, pipes, appurtenances, mechanical systems, electrical 
controls and electrical power systems for the duration of the remediation effort. 

11. Achieve and maintain capture of the contaminant plumes. 

3. Aesthetic Exceedance in Groundwater 

The following shall apply with respect to any Part 201 aesthetic exceedance that .exists in the 
groundwater within one (1) mile of the boundaries of the Property: 

3.1 Background Monitoring Wells Locations and Evaluation 

Three wells have been installed and contribute background information. New wells may be 
installed within one mile of the boundaries of the Properties to provide additional background 
information. The locations of the new background wells are subject to MDEQ approval. 

Each well will be sampled using a sampling methodology and analysis which complies with the 
methodologies prescribed by Part 201 of the NREPA, Part 201 Rules and guidance provided by the 
MDEQ on detection limits and analytical methods. The samples will be analyzed for iron, 
manganese, chloride, diethyl ether, barium, arsenic and general chemistry by a MDEQ approved lab. 
A split sample will be provided to MDEQ, if requested. 

Upon completion of the sampling and analysis of these wells, an evaluation will be performed to 
determine the appropriateness of the wells for background use. The data and evaluation will be 
submitted to MDEQ for review and approval. If the data clearly demonstrate that the wells are 
likely impacted by a source of contamination they should not be used for the determination of 
background concentrations. If the data indicate that any contaminant plume that emanates from 
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Property 9 or Property 9A is being influenced by upgradient contamination, further evaluation may 
) be necessary to determine if the wells are appropriate for background concentrations for the 

Properties. Some background will be determined and used and, if necessary, MDEQ shall designate 
one or more alternate locations to install well(s), which will be evaluated as provided herein. This 
will be done until the parties agree that three true background wells exist. 

3.2 Establishing Background Parameters 

The background concentration of each parameter sampled and analyzed for purposes of remediating 
the Properties shall be calculated using the average of the concentration of each parameter sampled 
and analyzed from these three wells and by using a statistical method agreed to by the MDEQ. 
Sampling may be performed for other constituents, including those with health-based standards, 
which will become background for each of those additional contaminants when the average 
concentration is calculated using the same methodology. 

3.3 Geographical Extent of Aesthetic Response 

The geographical extent of the health-based exceedance is indicated in the following report: 
"Supplemental Plume Delineation Report", CRA, dated June 2000, Reference No. 11413(21 ). The 
aesthetic response actions contained in the PMP apply to all areas within a mile of the Property. 

By March 31, 2002, SMDA shall determine whether the groundwater in any residential well that is 
located within one mile of a boundary of the site being used for household use exceeds the higher 

_ _,) of: the standards for aesthetics for manganese, iron, chloride, diethyl ether, barium, arsenic, general 
chemistry, total dissolved solid (TDS) and other parameters designated by the MDEQ; or the 
background for any such parameter as determined pursuant to applicable provisions of this PMP. 

If an aesthetic exceedance exists at any such residence and the residence in question is not part of a 
subdivision, within 45 days of the above determination, SMDA shall offer the owner of the 
residence the choice of installation of a water softener at SMDA' s expense or payment to the owner 
of the residence the equivalent of the cost of a water softener to be used towards hook up to 
municipal water, if municipal water is available. 

If the residence is part of a subdivision and if Macomb Township has adopted and is enforcing a 
water ordinance described in Section 3 .4, then SMDA will have no further obligation to address 
aesthetic exceedance criteria in the groundwater at that residence. The ordinance must be enforced 
in order to remain a valid institutional control pursuant to Part 201. 

If, however, Macomb Township has not adopted such an ordinance or the residence is for some 
reason not subject to such an ordinance, then SMDA shall make the offer of either the water 
softener or the equivalent cost described above, regardless of whether the residence is part of a 
subdivision. 
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SMDA will not be required to take action if it is demonstrated to the MDEQ's satisfaction that the 
detected contamination is not attributable to the Facility. Any dispute will be resolved in 
accordance with the Consent Order. 

3.4 Exceptions for New residential Areas 

SMDA may request Macomb Township to adopt and enforce a township ordinance acceptable to 
the MDEQ pursuant to which any subdivision t}:lat exists or is established within 1 mile of the 
boundaries of Properties 9 and 9A must hook all existing and future residences within the 
subdivision to municipal water. 

4. Capture of Contaminant Plumes 

The SMDA shall "capture" the contaminant plumes emanating beyond the lateral boundaries of the 
Properties by demonstrating both hydraulic control and chemical containment 

4.1 Hydraulic Control 

Hydraulic control shall be demonstrated through the use of groundwater contour maps and profiles 
showing the horizontal and vertical direction of groundwater flow and horizontal and vertical 
hydraulic gradients. Hydraulic control will be considered to extend to the point where the hydraulic 
gradients are toward the Property or toward a component of the extrn~tion system (i.e. the divide 
between inward and outward gradients). 

4.2 Chemical Containment 

Chemical containment ( or chemical capture) is defined as the stabilization and/or reduction of the 
plume that extends beyond the boundaries of the Property, which exceeds the higher of Part 201 
residential health-based drinking water criteria as contained in the January 29, 1999 update of Part 
201 Generic Cleanup Criteria Tables of the August 31, 1998 MDEQ Environmental Response 
Division Memorandum # 18 as amended by the October 2, 1998 Update or background as 
determined pursuant to the Consent Decree (refer to Appendix C). Chemical capture will be 
considered to exist if the chemical concentrations of the groundwater in the sentinel wells remain 
below the higher of Part 201 residential health-based drinking water criteria or background and if 
the chemical concentrations in all of the monitoring wells do not change in a way that indicates that 
the plume is expanding. 

4.3 Dewatering 

Dewatering is defined as the process of achieving a zone of hydraulic control expanding away from 
the individual collection components of the and remedy toward the required zone of capture (i.e. 
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Part 201 residential health-based plume or background) and decreasing water elevations in the zone 
of capture towards achieving a steady state dewatered condition within the boundaries of the 
Properties. Dewatering phase is defined to comprise the time until achievement of steady state 
conditions or four ( 4) years from startup, whichever is sooner. Completion of dewatering is defined 
as the attainment oflong-term equilibrium conditions where water levels are drawn down such that 
the maximum extent of capture is achieved. 

Following 90 days after start up of the Groundwater/Leachate Collection System and during the 
dewatering phase (i.e. prior to steady state conditions) SMDA shall demonstrate that dewatering is 
occurring. Capture of the health-based plume beyond the boundaries of the Property shall be 
attained within 4 years of the startup of the groundwater/leachate collection system. Once 
completion of dewatering is achieved, SMDA shall demonstrate that: Capture of the health-based 
plume beyond the boundaries of the Property is maintained until such time as concentrations in 
groundwater beyond the boundaries of the properties are below the higher of Part 201 residential 
health-based drinking water criteria or background and; The collection trenches are effective in 
eliminating the continued loss of leachate to the aquifer beyond the boundaries of the Properties. 
This demonstration may provide extra confidence in the overall system and allow for reductions in 
monitoring of the aquifer and support any proposals involving natural attenuation or other remedy 
proposals. 

5. Monitoring Wells 

-,, Extraction and monitoring well locations, both existing and proposed are shown on plan sheet #8. 
Appendix A identifies a preliminary monitoring well network for Aquifers 1, 2, and 3 has been 
currently agreed to by SMDA and MDEQ based on the currently understood remedy and conditions 
at the Facility. Groundwater samples will be obtained and analyzed, and water levels measured in 
each type of well in accordance with Appendix A of this PMP. 

5.1 Monitoring Wells Installation 

SMDA will install up to six (6) transducers in wells to be selected by MDEQ. SMDA will monitor 
the water levels in the six ( 6) wells on an on going basis at no less than daily intervals during 
implementation of the PMP or until MDEQ agrees that such monitoring can be reduced or stopped 
on one or more such wells. Additional wells designated for long term monitoring will be installed 
(594R, 9706 and 9707). An additional well will be installed beyond MW-210R to define the extent 
of the plume in that area. 

5.2 East Side of Site 9 

After completion of dewatering, the monitoring system must be able to demonstrate to the MDEQ's 
satisfaction that the leachate collection system is pulling contaminants off the bottom of aquifer 2 
on the east side of the Property, where this is required to control the off-site migration of leachate. 
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To demonstrate this condition, additional piezometers must be positioned in a line perpendicular to 
the leachate collection trench on the east side of the Property. The number and location of these 
additional wells or piezometer clusters shall be subject to MDEQ approval and sufficient to 
demonstrate capture. 

The measured static water elevations, when mapped in cross section, must show decreasing head 
levels from the base of the aquifer to the collection trench as in Appendix B. The profile of static 
water elevations will be presented in both tabular and graphical format. At the discretion of the 
MDEQ, tabular format may be used exclusively. 

The measured static water elevations, when mapped in cross section, must show decreasing head 
levels from the base of the aquifer to the collection trench as in Attachment C. The profile set forth 
in Attachment C ( of the Consent Decree) and the associated contours will only need to be 
demonstrated initially by SMDA after completion of dewatering. The intent of Attachment C is to 
provide an example oh how MDEQ would like SMDA graphically to present capture in that area. 
SMDA may therefore present flow and gradients in tabular form. Tabular form presentation 
pursuant to Section V .D .4 ( of the Consent Decree) is acceptable with respect to flow and gradients 
in all areas throughout the monitoring period. If this condition is not met, notification and response 
actions as outlined in the following section will be necessary. The final performance monitoring 
network will be subject to MDEQ review and approval. 

6. Leachate/Groundwater Notification Conditions 

The following sections list those conditions involving leachate and groundwater elevation that 
will require notification to MDEQ: 

6. 1 Notification During Start-Up Period 

The general trends in leachate/groundwater elevations will be observed and documented during the 
initial 90-day startup period in appropriate wells, piezometers and drains. The response 
mechanisms described below will not apply during the first 90-days because it is not expected that 
hydraulic or chemical containment will be attained. SMDA will also provide MDEQ with monthly 
summaries of the dewatering phase during the initial 90-day period. Three summaries shall be 
submitted within 15 days after the end of the month being reported. An initial review of the 
hydraulic monitoring data will be completed within 3 weeks of each monitoring event performed 
after the first 90 days. 

6.2 Notification Triggers 

Based on the initial review, the following leachate/groundwater elevation conditions require action 
SMDA by and notification to MDEQ: 
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(a) During the dewatering phase, the leachate/groundwater elevations (corrected for climatic 
effects as necessary) indicate that the zone of hydraulic control is not increasing away from 
the individual collection components when comparing at least two consecutive monitoring 
intervals; or 

(b) After the dewatering phase (i.e. steady state conditions), the leachate/groundwater elevations 
(corrected for climatic effects as necessary) do not demonstrate hydraulic control of the 
delineated extent of groundwater contamination above the higher of health-based standards 
or background. 

6.3 Required Actions 

The following actions will be taken by SMDA if any of the above conditions occur: SMDA will 
notify the MDEQ within one week of evaluating the data collected during the monitoring event for 
which the above condition occurs. If the trends or fluctuations in leachate/groundwater elevations 
cannot be explained by climatic conditions or hydrogeologic effects observed in wells outside the 
area to be dewatered, the leachate/ groundwater levels in the area of concern will be remeasured 
within two weeks of above notification. 

The MDEQ will be notified of the results within one week of the follow-up monitoring event. If the 
elevations have declined, measurement of leachate groundwater elevations will continue at 
biweekly intervals for one month during the monthly monitoring phase and at 6-week intervals for 
one quarter during the quarterly monitoring phase. 

If the hydraulic monitoring does not demonstrate that dewatering is occurring at a rate that will 
result in capture within four ( 4) years of startup of the leachate/groundwater collection system, 
SMDA will increase pumping or leachate collection rates in the affected area within 2 weeks of the 
time water levels were remeasured to correct the situation. The results of these actions will be 
forwarded to MDEQ within 8 weeks of the increase in pumping or leachate collection rates. 

If increased pumping or leachate collection is not practical or does not cause the water elevation to 
decline, SMDA will submit a corrective action plan to the MDEQ within 10 weeks of identifying 
the situation. Construction of the corrective actions will be implemented within 6 months of 
identifying the condition. SMDA may petition the MDEQ to request an extension if major 
modifications to the system are required or weather conditions do not permit timely construction. 
The concept that increased pumping and/or collection "is not practical" shall mean that the method 
of collection, treatment or disposal ofleachate and groundwater, which SMDA is using at the time, 
cannot handle the increased volume of liquids. 

7. Chemical Monitoring Notification Conditions 

The following lists those conditions involving chemical monitoring that will require notification 
toMDEQ: 
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7. 1 Conditions Requiring Action 

The following leachate/groundwater quality conditions require action by SMDA and notification to 
MDEQ: The chemical concentration in any of the sentinel monitoring wells increases above the Part 
201 residential health-based drinking water criteria or background as established pursuant to Section 
3 of this PMP, whichever is higher; or: The chemical concentration in any of the monitoring wells 
increases in a way that indicates that the plume may be expanding. 

7.2 Required Actions during Dewatering 

SMDA will take the following actions if any of the above chemical monitoring conditions occur 
during the dewatering phase: SMDA will notify the MDEQ of the condition within 1 week of 
evaluating the results. Evaluation of the results will occur within 2 weeks of receipt of the results. 
The well will be resampled within 3 weeks of the above notification. If the chemical concentration 
in the follow-up sample is below the Part 201 residential health-based criteria or background, 
whichever is higher, and does not indicate the plume may be expanding, the monitoring well will 
continue to be sampled during the regularly scheduled water quality monitoring events. If the 
chemical concentration in the follow-up sample from a sentinel well does not meet the Part 201 
residential health-based criteria or background, whichever is higher, a new sentinel well will be 
installed downgradient of the impacted sentinel well to monitor the expansion of the plume. Any 
such wells shall be installed within 3 months of receipt of the results unless an extension of this 
time is agreed to by the MDEQ. 

The limits of the plume will be monitored and revised during the dewatering phase to provide a 
basis to evaluate the effects of the remedy on the plume when steady-state conditions have been 
attained. The new location(s) will be proposed by SMDA and be subject to review and approval by 
the MDEQ. 

7.3 Required Action after Dewatering 

SMDA will take the following actions if any of the above chemical monitoring conditions occur 
after the dewatering phase (i.e. steady-state conditions): SMDA will notify the MDEQ of the 
condition within 1 week of evaluating the results. Evaluation of the results must occur within two 
weeks ofreceipt of the results. The well will be resampled within 3 weeks the above notification. If 
the chemical concentration in the follow-up sample meets the Part 201 residential health-based 
criteria or background, whichever is higher, the monitoring well will continue to be sampled during 
the scheduled water quality monitoring events. 

If the chemical concentration in the follow-up sample does not meet the Part 201 residential health
based criteria or is above background, whichever is higher: SMDA will notify the MDEQ of the 
corrective actions that will be taken within 1 week of this determination. SMDA will increase 
pumping or leachate collection rates if necessary in the affected area within 2 weeks of this 
determination to correct the situation. The well will be resampled within 8 weeks of increasing the 
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pumping or leachate collection rates. The results of these actions will be forwarded to MDEQ 
within 1 week of evaluating the analytical results of this last resample. 

If increased pumping or leachate collection rates is not practical or does not cause the water quality 
to improve and/or if SMDA is unable to demonstrate hydraulic capture, SMDA will submit a 
corrective action plan to the MDEQ within 12 weeks of identifying the situation. The corrective 
actions will be implemented within 6 months of identifying the condition. SMDA may petition the 
MDEQ to request an extension if major modifications to the system are required or weather 
conditions do not permit timely construction. 

8. Periodic Review 

The leachate/groundwater extraction and monitoring systems will be reviewed periodically during 
and following the 90-day startup phase of the remedial action to determine if the locations and 
performance of the extraction and monitoring systems are adequate. Monthly reviews will be 
conducted during the start up phase, and reported to MDEQ in the monthly progress reports. 
Thereafter this issue will be addressed with the MDEQ on an annual basis in the annual monitoring 
report, to be submitted annually within 30 days of the anniversary of the effective date of the 
Consent Decree, until 1 year after equilibrium conditions are attained. During the reviews, wells 
proposed to be abandoned will be identified. 

9. Modification 

The PMP will be modified, as necessary, based on the Final Design, additional investigations 
(including the Supplemental Plume Delineation Work Plan, potable well inventory, hydraulic 
monitoring, etc.) as well as initial system operational data. Any revisions to the PMP will result in a 
similar level of cost and effort as currently proposed in Appendix A, provided no new information 
becomes available that significantly changes MDEQ's or SMDA's current understanding of the 
Facility conditions and/or the adequacy of the Conceptual Remedy. SMDA will submit any such 
modifications to the MDEQ for review and approval. Any disputes will be resolved in accordance 
with Section XVI of the Consent Decree. 

10. Pumping System 

SMDA shall start up the groundwater/leachate collection pumping system within September 7, 2002 
unless a longer time is agreed to by SMDA and the MDEQ. 

SMDA shall achieve capture, as defined above of the contaminant plumes that exceed the Part 201 
health based standards or background, whichever is higher, beyond the boundaries of the Properties 
within four (4) years of the startup of the groundwater/leachate collection pumping system. 

10.1 Failure to Achieve Capture 

If capture is not achieved within 4 years of the startup of the leachate/groundwater collection 
system, or by the completion of the dewatering phase, SMDA will: immediately increase pumping 
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and leachate collection rates, as practical, until a corrective action plan is implemented; and submit 
to the MDEQ a corrective action plan including an amendment to the RAP within 10 days of the 
end of the four years or within 10 weeks of completion of the dewatering phase, whichever occurs 
first. The corrective action plan should include an evaluation of additional groundwater extraction 
wells and leachate collection trenches, as necessary, to obtain capture. 

The corrective actions will be implemented within 6 months of identifying the condition, unless a 
longer time is agreed to by SMDA and MDEQ. Any disputes concerning the proposed corrective 
action plan or the amendments to the RAP shall be resolved in accordance with Section XVI of the 
Consent Decree. 

10.2 Alternate Remedies 

If, at any time after startup of the groundwater/leachate collection system, SMDA concludes that 
contaminated groundwater in one or more areas is not likely to be captured by the existing system 
or, if after completion of the dewatering phase, there are certain areas of the plume where the 
monitoring does not conclusively show hydraulic control or chemical containment, SMDA may 
propose an alternate remedy which may include natural attenuation. This proposed alternative 

.. remedy will be submitted to MDEQ for approval as a resubmittal of the RAP and PMP. 

The burden shall be on SMDA to clearly delineate the extent of such areas, to adequately 
demonstrate that chemical containment has been achieved in the area( s ), and to demonstrate that the 
collection system is preventing any continued loading of contaminated leachate to the aquifer in the 
area(s). 

In the event that SMDA submits such a proposal, the proposal shall include adequate deed 
restrictions or institutional controls and fully comply with a "limited" or site-specific category 
cleanup pursuant to Part 201, including Sections 20118, 20120a and 20120b. Unless and until the 
MDEQ approves of such a proposal, SMDA shall fully comply with all notifications and responses 
contained in the Consent Decree and in the approved PMP. Any disputes concerning the proposed 
alternative remedy shall be resolved in accordance with Section XVI of the Consent Decree. 

10.3 Demonstration of Capture 

Once capture of the health-based plume has been achieved, SMDA shall demonstrate that capture of 
the plume beyond the boundaries of the Properties is maintained until such time as concentrations in 
groundwater at the boundary of the Properties are below Part 201 residential health-based drinking 
water criteria or background, whichever is higher. Capture/containment at the boundaries of the 
Properties and property owned by SMDA will need to be maintained in perpetuity or until it is 
demonstrated to MDEQ's satisfaction that all leachate/groundwater within the Site boundaries and 
under land owned by SMDA meets all applicable standards or at or below background, whichever is 
higher. 
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11. Verification of Remediation 

At the start of groundwater monitoring, SMDA will perform baseline sampling in accordance with 
tables 1,2 and 3 of Appendix A of this PMP. The information from this initial baseline sampling 
and analysis will be used to confirm the extent of the contaminant plume defined in the CRA 
supplemental Plume Delineation Report of June 2000. If the plume(s) are not completely defined, 
additional wells will be installed to define the extent of contamination above the residential health
based criteria. If necessary, the contaminant plume will be redrawn for each aquifer. Based on the 
Supplemental Plume Delineation Report, additional monitoring wells will be needed northeast of 
MW-201 Rand possibly MW-117R. 

12. Well Closure 

Once the extent of the contaminant plume within each aquifer has been confirmed, SMDA will 
sample and analyze for metals, VOCS and general chemistry, consistent with Appendix A. After 
the first year of monitoring an assessment will be performed to determined which general chemistry 
parameters to continue analyzing. Any time after the first two years of monitoring, SMDA may 
petition the MDEQ to reduce the number of parameters analyzed and/or the frequency of 
monitoring. When a monitoring well no longer shows any parameters in excess of standards and if 
the well is no longer needed to demonstrate chemical containment, SMDA may petition the MDEQ 
to cease chemical monitoring at that well. Chemical monitoring will only cease after MDEQ 
approval for such a change to the PMP. 
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Appendix A- Groundwater Monitoring Well Summaries 
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x11' 
X 

X 

X 

Xlll 

xn1 

l 
Paue I of 3 

lt'tltrLQ11alit.r...Afw1ltl.!IillC..~ 
(11,m:/iu,:J ((!1rnrtaly) (.-111111111/) 

X 

X X 

X 

X X X 

X .. 

X X 

X X 

X 

,x X 

X X X 

X 

X : X 

X X X 

X 

X 

X x••• 
X x,., 

j 



Jl'd/ I. D. St11t1a 

MW-571-21 E 

MW-590-1 ·1 E 

MW-591-9 E 

MW-592-16.5 E 

LP-01 N 

LP-02 N 

1.P-03 N 

1.r-0,1 N 

LP-05 N 

LP-06 N 

LP-07 N 

LP-00 N . ' 
LP-09 N 

l.P-10 ~, 
LP-11 N 

1.P-12 N 

LP-13 f'I 

l.P-1'1 "' 
PZ-90-01 N 

PZ-flfl-02 f'I 

PZ-98-03 N 

PZ3 E 

PIA E 

PZ5 E 

CnA IHI) (61 

l.ocut/011 

C9 

N9 

ND 

•, .N;Q 
I 

oA· 

9A 

9A 

9A 

0A 

9A 

9A 

9A 

9A 

9A 

9A 

9A 

D 

D 

NWOA 

W'JA 

SOA 

SDA 

S9A 

SOA 

TABLE 1 

AQUIFER 1 MONITORING SUMMARY 
SMDA SITES 9 AND 9A 

MACOMB COUNTY, MICI flGAN 

--1 fat rr.Lr.i·r.Ll I 1.w It ,nluc___ 
(Q1111rlerly) (Co111i,111011r) 

x'~' 
X 

xm 
Xlll 

Xlll 

xn1 

xni 

Xtll 

xm 
Xlll 

xm 
Xlll 

Xl?I 

xlll 
Xlll 

Xlll 

xn1 

xm 
Xl]I 

X 

xn• 
xn, 

ll'11trLQ11ali~fllllilllrillC-~ 
(lf1u-eli11e) (Qunrlaly) {,-111111111/) 

X 

X 

X 

.. 

' 



en,. 11 ◄ 111e1 

ll'dl I. n. S11111n /.ocutlo11 

TABLE 1 

AOlllFEl1 1 MONITORING SUMMARY 
SMOA SITES 9 ANO 9A 

MACOMB COUNTY, MIGi IIGAN 

__ Jl'tltrLLtTrl.A I w1/tc!f/11c.__,__ l l '11t1.·c.{]1111/ilr...ill m1ilt!r/11c.. ~ 
((11111rti:rly) (Cm1t/1111om) (llll\'t'l/11,:) ({1111,rtcrfr) (.-111111111/) 

- -

PZ6 E S9A X 

0701 111 N N9A xm X 

O?Oi 11 N NOA xm X 
.. 

0703111 N 
: ':ND.A Xfll X ' '. 

£)704' 11 N NOA xfll X 

9705(1) N W9 X X X X .. 
9706' 11 N N9 X X X X 

970il) N N9 X X 

0714 N SDA X X x''' 
0715111 N N9A X X 

0716' 11 N NOA X X 

Note: 

111 - Oerendenl on Ille S11rrlemenlal Pl11me Oelineallon results. 

111 - Waler levels lo he monitored weekly for lhe nrsl 4 weeks and monthly for the next 5 months. 

111 - After tile Orsi year only sample depth with hlghesl contaminant level 

111 - Conlin11011s waler level monitoring will be performed using eleclronlc lranscl11c_ers programmed lo record al 

daily intervals. Oala will he downloaded each q11arler. 

111 - Afler Initial baseline sample, determine If annual monllorlno Is required 

1~1 - The inilial Baseline monitoring and Quarterly monllorlng ro, lhe Orsi year wlll lnclucle TCL VOCs, TAL metals, and O ,t._ 
general chemistry (sodium, polassl11m. magnesium. calcium. blcarhonale, carbonate, chloride, sulfate, 000. COO. TDS ~ 
nilrales, and ammonia). Reo11lar Baseline, Annual, and Quarterly monitoring shall lncl11cle r€L-ve>Cs diid TAL Melat7 
Afler the Orsi year, an assessment will be performed lo determine which oeneraf chemistry parameters lo c:onlin11e 

analyzina for dwina f11l11re evenls and on which wells. 

St(l/11~- E==c~bting \\·di. N==ncw well lo he installed 

/.orntio 11 -location or well with respect lo Siles O or OA (N=norlh, S =south, E=east, W=wesl, C=cenlrnl) 

J 
Pngu J of J 



ll'dl I.!>. StuftH 

--
MW-003 E N9 

MW-007 E NE9 

MW-0070 E Nf:9 

MW-103 E CD .. 
I ,, , : 

MW-106 E · · · S9 

MW-107 E E9 

MW-108-34 E NE9 

MW-110 E E9 

MW-111 E NO 

MW-112 E N9 

MW-113 E N9A 

MW-114 E,, SEOA 

MW-115 E C9A 

MW-116 E WO 

MW-117 E Nl:9 

MW-118 E E9 

MW-206 E NW9A 

MW-211 E NO 

MW-210 E CflA 

MW-218 E GOA 

MW-401 E S9A 

MW-509-2 E NW0 

MW-511-2-1 E ND 

MW-511-2-2 E ND 

MW-512-2-1 E NO 

MW-512-2-2 E ND 
CllA I H ll fOI 

TABLE 2 

AQUIFER 2 MONITORING SUMMARY 
SMDA SITES 9 ANO 9A 

MACOMB COUNTY, MIGi IIGAN 

ll'atrLLrrcLllw1ltt!dllC JL'11tcc_Q1111/ ilr...11 I ,wit ,uiu,: _ ~ 
(Quurterly) (Co11ti111w111') (ll1m:llm•) (Q1111rtaM (.-111111111/) 

x•21 

X X 

X X X'"I 

X 
Xlll 

X x''' 
XPI 

xm X 
xn1 X 

X X 

Xl?I X 

xm X 

Xlll X X 

X X X 

X x'j' 
X°' X X 

X 

X X 

xn1 

Xfll 

xm 
X X 

X X X''' 
X X Xfll 

X X X 

X 



ll'c/11. n. St11t111· 

MW-526-2-1 E 

MW-526-2-2 E 

MW-526-2-3 E 

MW-527 E 

MW-528 E 

MW-529-2-1 E 

MW-529-2-2 E 

MW-530-2-1 E 

MW-530-2-2 E 

MW-530-2-3 E 

MW-530-2-1 E 

MW-539-2-1 E • , 

MW-539-2-2 E 

MW-540-2-1 E 

MW-5'12-2-1 E 

MW-542-2-2 E 

MW-543-2-1 E 

MW-5'13-2-2 E 

MW-550 E 

MW-55I E 

MW-556-23 E 

MW-557 E 

MW-550-22 E 

MW-565-23 E 

MW-571-43 E 

MW-575-36 E 
CA~ 1\ ◄ D (61 

TABLE 2 

AQUIFER 2 MONITORING SUMMARY 
SMDA SITES 9 AND 9A 

MACOMB COUNTY, MICI IIGAN 

l.fl('{l(iflll mt1cLl,r1illt,wl1t1rl11c lL'lllcL{J11{l/ilr.._1l/1.will![/llC-.~ 
(Qunrlaly) (Co111/1111111H) ( fl 11n·ll111!) ((11111rtaly) (,,111111111/) 

- --
NEO xm X X''' 
NE9 Xlll X x''' 
NEO xm X x''' 

. NEO . ;• .. X X . . X 
I I 11 I I 

X ···WO X X 

S9A X X 

SOA xn1 X 

EO xn• X 

E9 xm 
E9 xni 

NW9 X X 

E9 xni X x'•' 
EO xm X XIII 

E9 X X I X 

W9 X X 

W'J X X .. 
NW9A Xlll X x''' 
NWOA XPI X xn• 

En X X 

E9 X 

CDA X 

W9/E9A xm XISI 

C9A X X 

C9A xni 

C9 Xfll X 

C9A xtl) 

Pnon 2 ol 3 



L 

cn.i. 11H11si 

l 
TABLE 2 

AQUIFER 2 MONITORING SUMMARY 
SMOA SITES 9 AND 9A 

MACOMB COUNTY, MICIIIGAN 

ll't:11 /./). Stul11s l.oc11ti1111 l!'illt:LLrrrLAl!!llill!riJJC m11rdl1wllldf lWill!d!lc.. ~ 
((!1rnrferly) (Co11tl11110111-J (Q1111rti:rfr) 

MW-576-24 E - ·so X(ll 

MW-578-26 E CD X 

MW-578-30 E CD x111 

MW-5fl1-J2 E SEO X X 
,, t I 

MW-582-10 E I I lff 'SO X X 

MW-504-25 E ED X 

MW-594-35tt 1 N ED X X 

8034 E SWOA X 

8836 E WOA X 

9708-2111 N EO X X 

9709-2' 11 N SEO X X 

MW-201R' 11 N - NE9 X X 

MW-117-R1
'
1 N NED X X 

Note: 

111 - Dependent on Ille Supplemenlc1I Plume Delineation results. 

Pl - Waler levels lo be monilored weekly for the first 4 weeks and monlhly for the nexl 5 months. 

P> - After lhe firsl year only sample deplh wilh hlghesl conlaminanl level 

X 

X 

X 

X 

X 

111 
- Continuous waler level monilorinn will be performed using electronic transducers programmed lo record nt 

dc1ily intervals .. Data will he clownloc1clecl each quarter. 

Ol - Sample dllring initial baseline event only 

fnl - After the lirsl year, determine need for further sampling 

(,-I 11111111/) 

X 

X 

X 

X 

X 

X 

Pl - The inilial Baseline monitoring and Quarterly monitoring for the firsl year will Include TCL VOCs. TAL metals. and 
general cl1emislry (soclillm, rolassium, magnesium. calcium. hlcarbonale, carbonale, chloride, s11Uale, 1100, COD. TDS, 

. nitrales, and ammonia). Reo11tar Baseline, Annual, and Quarterly monitoring shall Include TCL VOCs and TAL Melals. After 

lhe first year, an assessmenl will he performed lo determine which general chemistry raramelers lo continlle analyzing (or 
durinf} (LJl11re events and on which wells. 
Stllt11s- l:=c:--is1i11~ well, N=ncw well (o hi! inslnlkd 

J.nct1tio11 -location of well wilh respect lo Siles 9 or OA (N=norlh, S =so1ith. E=easl, W=wesl, C=cenlral) 



ll'ell /.D. S/11(//S 

MW-100 E 

MW-101 E 

MW-105 E . :1; 
I I 111 I 

MW-109 E 

MW-202 E 

MW-205 E 

MW-210 E 

MW-212 E 

MW-500-2-l E 

MW-500-2-2 E' 
MW-S0·l-2-1 E 

MW-501-2-2 E 

MW-501-2-3 E 

MW-501-2-4 E 

MW-501-3-1 (: 

MW-502 E 

MW-503-2-1 E 

MW-503-2-2 E 

MW-503-2-3 E 

MW-50,1-2-1 E 

cnA I HI) 101 

TABLE 3 

AQUIFER 3 MONITORING SUMMARY 
SMDA SITES 9 AND 9A 

MACOMB COUNTY, MICI IIGAN 

l.ocatio11 ltutcLLcrrLAltwltt!.ll11c 
(Quarterly) ( Co II Ii III w m) 

. C9 X 

S9 X(!I 

SDA X 

NE9 Xl?I 

NE9 X 

NW9A xm 

NW9 X 

N9 X 

S9A xm xi•> 

S9A xm 

S9A X 

S9A xm 
S9A xm 

S9A xn1 

S9A X 

SE0A X 

SE9 X 

SE9 X 

SE9 X 

SE9 X 

'-,,I 
f'r1911 1 of 4 

----~' l'ataJlu1tlif.r_M1wit1J.lillf-.. _,,, ___ _ 
(ll11u/i11e) ((!1111rlerM {A11111111/) 

.. 

X X X 

X x11• 
I 

X XII) 

X x,1, 

X x(I> 

X 

X 
-

X X'" 
X xn• 
X x111 

X x"' 



wc11 r n. Stat11r 

MW-504-2-2 E 

MW-509-3-2 E 

MW-511-3 E I I 

MW-512-3 E 

MW-529-2-1 E 

MW-529-2-2 E 

MW-529-3 E 

MW-530-3 E 

MW-530-3 E 

'' 
MW-539-3-2 E 

MW-540-3-1 E 

MW-5,J0-3-2 E 

MW-542-3 E 

MW-546-2-1 E 

MW-550 E 

MW-552-68 E 

MW-554-53 E 

MW-557-59 E 

MW-558-56 E 

MW-567-50 E 

cnAIHl:.J(OJ 

TABLE 3 

AQUIFER J MONITORING SUMMARY 

SMDA SITES 9 AND OA 

MACOMB COUNTY, MICIIIGAN 

I.oc11tlf/1t lD1trLLrrrullt!ultl!c/uc 
(Q1111rlerly) (Co11t/111ww) 

SE9 X 

NW9 xm 
i.1 l 
1 1 I N9 X 

N9 X 

S9A xni 

S9A xm 
S9A xm 
E9 

N9 X 

E9 X 

E9 X 

E9 X 

WO xo, 
S9 X 

ED X 

NE9A X 

NW9A X 

E9A X 

W9A X 

SE9A xm 

Pt1no 2 of '1 

____ __.L'ula .. Q1wli1J'...ilfl!llilt![illC.._11
' ___ _ 

(ll11IL'li11e) (rl 11111u,J) 

X x(.l) 

X 

X 

X 

X X 

X XU) X 

X X'jl X 

. 
X 

X X 

J 



cnA 11-1n 101 

Well I. D. Stut11r 

MW-567-8 E 

MW-571-68 E 

MW-572-33 E I 11 

MW-572- 114 E 

MW-577-61 E 

MW-578-68 E 

MW-579-62 E 

MW-580-115 E 

MW-581-52 E 

MW-582-41 r:· 
9708-3111 N 

9709-3111 N 

0711 N 

9712 N 

MW-508-f1-2' 11 N 

MW-590-R-3111 N 

S-16-3 or RS-16-4 E 

!'Joie: 

j i 
I' 

TABLE 3 

AQUIFER 3 MONITORING SUMMARY 
SMDA SITES 9 AND 9A 

MACOMB COUNTY, MICHIGAN 

/_ Ol'II (I"'' ma rc.l.&1'.C Lill !W i {{![ /11 C 
(Q11arlerM (Co111/111w11.,') 

SEDA xo> 

C9 x1•1 

SOA X(l) 

S9A Xlll 

C9A X 

C9 X 

CD X 

S9 xn> 

S9 X 

S9 X 

E9 X 

SE9 X 

SDA X 

S9A X 

S1:9 X 

E9 X 

S9A 

111 - Dependent lo lhe S11r11lemenlal Plwne Delinealion results. 

____ __.. [a tCLflll {t/ il!'-11 l t!ll I { l!f ill r_ _' '' __ _ 

(Jlm·e/i11e) ((!1111rlerM 

X 

X 

X, X X 

X X X 

X X X 

X X X 

X x"' X 

X xrs1 X 

X X''•I 

rn - Waler levels lo be monitored weekly for Ille first 4 weeks and monthly for the nexl 5 monlhs. 



CnA I HI) (ll) 

TABLE 3 

AQUIFER 3 MONITORING SUMMARY 
SMOA SITES 9 ANO 9A 

MACOMB COUNTY, MICHIGAN 

ll'e/11. n. Sto/11\· /.ocalio11 lfo!t:Lln.c.LMi!llill!rlllt: ----~Lfllt'.LQllllfill~fl!.llili!Ci!I.C...._l'_' __ _ 
(Quarterly) (Co11t/11110tH) (ll1m.•li11e) ((}1111rter~I') 

Pl - After the first year only sample depth with highest contaminant level. 
111 

- Continuous water level monitorino will be performed using electronic transducers pro9ramrned to record at 

daily inlervals. Oala will be downloaded each q11arler. 
(I) - After initial baseline event detkr~~ine one well lo be samrled from MW-5'10-3-1. MW-5'10-3-2, MW~59fl-R2, 
and MW590-R3 ciuarlerly. Sample Ille rest annually 
161 

- Samrte one Decock irrioation well annually d11rin9 irrigation season (well to be determined prior lo initial 

baseline event). 

111 - Tile initial Baseline monitoring and Quarterly moniloring for the first year will include TCL VOCs, TAL 

metals, and oeneral chemistry (soclium, rotassium, ma9nesium, calcium, bicarbonate, carbonate, chloride, 
s11lfate, BOD, COD, TOS, nitrates, and ammonia). Re911lar Baseline, Annual, and Quarterly monilorin9 shall 
incl11de TCL VOCs and T AL Metals. After the firsl year, an assessmenl will be performed lo determine which 
aeneral chemistry 6aramelers lo conlin11e analyzing for during f111t1re events and on which wells. 
St{l/11\·- E=cxis1i11i; well, N=nc\v well 10 he i11s1alkd 

l.nw1in11 -location of well willl resrecl lo Siles Dor DA (N=norlh, S =soulh, E=easl, W=wesl, C=cenlral) 

(.-1111111,,/) 
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Appendix B - Figure (Attachment C for 7/9/99 Agreement) 
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) 

) 

1 of7 

1 

DE€1 
Environm~ntal iaapcnse Civision 

MDi:Q Home EKO at a glance Oraanizational Structurs '.::molovee Listing 
Search t~e =?D site 

GROUNDWATER: RESIDENTIAL AND INDUSTRIAL-C 
PART 201 GENERIC CLEANUP CRITERIA AND SCREE 

Developed under the authority of the 
NATURAL RESOURCES AND ENVIRONMENTAL PROTECTION ACT, 199 

Groundwater criteria were calculated using currently available chemical-specific data and U.S. Environmental 
change for the next annual revision of the criteria tables. All criteria are expressed in units of parts per billion (ppb; 

for example, 2 x 106 is reported as 2.0E+6. For comparison to the criteria, groundwater samples should be rep 
contaminant plume. Samples should be collected using a low flow protocol that minimizes turbidity caused by dist 

the samples should be conducted (see Op Memos #18 for details). Please refer to Op Memo #6 for recom 

Guidesheet Number #1 #2 #3 #4 # 

Residential & Indus 
Residential Industrial & Groundwater Commercial I Com 

Chemical & Commercial Surface Groundwater II, Ill 
Abstract Commercial II, Ill & IV Water Volatilization Groun 
Service I Drinking Drinking Interface to Indoor Air Volatili 
Number Water Water Criteria Inhalation to Ind 

Criteria Crnteria Criteria lnhal 
Crit 

PHYSICAL PARAMETERS 
Dissolved oxygen (DO) NA NA {AE} NA N 
Phosphorus NA NA {AE} · NA N 
Total dissolved solids (TDS) 5.0E+5 {E} 5.0E+5 {E} {AE} NA N 

HAZARDOUS SUBSTANCES 
BTEX + MTBE 

Benzene {I} 71432 5.0 {A} 5.0 {A} 200 {X} 5,600 36, 
Ethylbenzene {I} 100414 74 {E} 74 {E} 18 1.7E+5 {S} 1.7E 
Methyl-tert-butyl ether (MTBE) 1634044 40 {E} 40 {E} 730 {X} 4.7E+7 {S} 4.7E 
Toluene {I} 108883 790 {E} 790 {E} 140 5.3E+5 {S} 5.3E 
Xylenes {I} 1330207 

·-
280 {E} 280 {E} 35 1.9E+5 {S} 1.9E 

VOLATILES ~- - ~ 

Acetone {I} 67641 730 2,100 1,700 1.0E+9 {D,S} 1.0E+ 
JAcrolem {I} 1107028 I 120 ,330 I 

NA 2,100 4,2 
Acrylonitrile {I} 107131 2.6 11 4.9 {X} 34,000 1.9 
Benzyl chloride 100447 7.7 32 NA 12,000 77, 
Bromobenzene {I} 108861 18 50 NA 1.8E+5 3.9 
Bromodichloromethane 75274 100 {A,W} 100 {A,W} ID 4,800 38, 
Bromoform 75252 100 {A,W} 100 {A,W} ID 4.8E+5 3.1 E 
Bromomethane 74839 ./ro 29 35 4,000 9,0 
n-Butanol {I} 71363 950 2,700 NA NLV N , 

2-Butanone (MEK) {I} 78933 13,000 I 38,000 I 2,200 2.4E+8 {S} 2.4E 
n-Butyl acetate J123864 550 1,600 NA 6.7E+6 {S} 6.7E 
t-Butyl alcohol 75650 3,900 11,000 i NA I 1.0E+9{D,S} 11.0E+ 
n-Butylbenzene 1104?18 80 230 I NA ID I 

sec-Butylbenzene 135988 80 I 230 NA ID I I 

tert-Butylbenzene {I} j98066 80 230 NA ID I 

Carbon disulfide {l,R} !75150 800 2,300 ID 2.5E+5 I 5.5 

3/28/01 2:52 PM 



Sec§ 6-00 

Carbon tetrachloride 156235 
Chlorobenzene {I} 108907 
1-Chloro-1, 1-difluoroethane 75683 
Chloroethane 75003 
2-Chloroethyl vinyl ether 110758 
Chloroform 67663 
Chloromethane {I} 74873 
o-Chlorotoluene {I} 95498 
Dibromochloromethane 124481 
Dibromochloropropane 96128 
Dibromomethane 74953 
Dichlorodifluoromethane 75718 
1, 1-Dichloroethane 75343 
1,2-Dichloroethane {I} 107062 
1, 1-Dichloroethylene {I} 75354 
cis-1,2-Dichloroethylene 156592 
trans-1,2-Dichloroethylene 156605 
1,2-Dichloropropane {I} 78875 
1,3-Dichloropropene 542756 
Diethyl ether 60297 
Diisopropyl ether 108203 
Dimethylformamide {I} 68122 
Dimethylsulfoxide 67685 
1,4-Dioxane {I} 123911 
Epichlorohydrin {I} 106898 
Ethanol {I} 64175 
Ethyl acetate {I} 141786 
Ethylene dibromide 106934 
n-Heptane 142825 
n-Hexane 110543 
2-Hexanone 591786 
lsobutyl alcohol {I} 78831 
lsopropyl alcohol {I} 67630 
lsopropyl benzene 98828 
Methane 74828 
Methanol j67~6-1 
I4-Methyl-2-pentanone (MIBK) {I} j108101 
Methylene chloride 75092 
Pentane 109660 
2-Pentene {I} 109682 
,Propyl alcohol {I} 71238 
n-Propylbenzene {I} 103651 

Styrene 100425 
1, 1, 1,2-Tetrachloroethane 630206 
1, 1,2,2-Tetrachloroethane 79345 

Tetrachloroethylene 127184 

Tetrahydrofuran 109999 
11, 1, 1-Tnchloroethane !71556 
j1, 1 ,2-Trichloroethane 

') !Trichloroethylene 
j79005 
j790·16 
j75694 ITrichlorofluoromethane 

I 

11 ,2,3-Trichloropropane 196184 
! 1, 1,2-Trichloro-1,2,2-trifluomethane j76131 

2 of 7 
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I 
I 

5.0 {A} 
100 {A} 
15,000 

430 
ID 

100 {A,W} 
260 
150 

100 {A,W} 
0.2 {A} 

80 
1,700 
880 

5.0 {A} 
7.0 {A} 
70 {A} 
100 {A} 
5.0 {A} 

21 
10 {E,M} 

30 
700 

2.2E+5 
85 

5.0 {M} 
1.9E+6 
6,600 

1.0 {A,M} 
2,700 {S} 

3,000 
1,000 
2,300 
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5.0 {A} 
95 

200 {A} 
5.0 {A} 
5.0 {A} 
2,600 

I 

I 

I 

I 

I 
I 

I 42 I 
I 1.7E+5 {S} j 

5.0 {A} 
100 {A} 
44,000 
1,700 

ID 
100 {A,W} 

1,100 
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6.3E+5 
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170 {X} 
ID 
NA 
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NA 
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2.0 1 
6.1E+7 {S} 6.1E 
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3.2E+5 6.3 
NLV N 

6.4E+7 {S} 6.4E 
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2,700 {S} 2,70 
12,000 {S} 12,00 

4.2E+6 8.8 
7.6E+7 {S} 7.6E 

NLV N 
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{K} { 

2.5E+6 6.0 
j 2.0E+ 7 {S} I 2.0E 

2.2E+5 
38,000 {S} 

ID 
NLV 
ID 

1.7E+5 
15,000 
12,000 
25,000 
6.9E+6 

j 6.6E+5 

1 17,000 
I 15,000 

1.1 E+6 {S} 

l ID 
J 1.7E+5{S} 

1.4 
38,00 

I 
N 
I 

3.1 E 
96, 
77, 
1.7 
1.6 

I 1.3E 
I 1.1 
I 97, 
I 1.1 E 

I 
j 1.7E 
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Triethanolamine 102716 3,700 10,000 NA NLV N 
2,2,4-Trimethyl pentane 540841 ID ID NA ID I 
2,4,4-Trimethyl-2-pentene {I} 107404 ID ID NA ID I 
1,2,4-Trimethylbenzene {I} 95636 63 {E} 63 {E} ID 56,000 {S} 56,00 
1,3,5-Trimethylbenzene {I} 108678 72 {E} 72 {E} ID 61,000 {S} 61,00 
Vinyl acetate {I} 108054 640 1,800 NA 4.1 E+6 8.9 
Vinyl chloride 75014 2.0 {A} 2.0 {A} 15 110 6 

INORGANICS 
Aluminum {B} 7429905 SOM 50 {V} NA NLV N 
Antimony 7440360 6.0 {A} 6.0 {A} ID NLV N 
Arsenic {8} 7440382 50 {A} 50 {A} 150 {X} NLV N 
Barium 7440393 2,000 {A} 2,000 {A} {GiX} NLV N 
Beryllium 7440417 4.0 {A} 4.0 {A} {G} NLV N 
Boron {8} 7440428 500 {F} 500 {F} 1,900 NLV N 
Cadmium {B} 7440439 5.0 {A} 5.0 {A} {G,X} NLV N 
Chromium (Ill) {B,H} 16065831 100 {A} 100 {A} {G,X} NLV N 
Chromium (VI) 18540299 100 {A} 100 {A} 11 NLV N 
Cobalt 7440484 40 100 100 NLV N 
Copper 7440508 1,000 {E} 1,000 {E} {G}.- NLV N 
Iron {B} 7439896 300 {E} 300 {E} NA NLV N 
Lead 7439921 4.0 {L} 4.0 {L} {G,X} NLV N 
Lithium {B} 7439932 170 350 25 NLV N 
Magnesium {8} 7439954 4.0E+5 1.1 E+6 NA NLV N 
Manganese {B} 7439965 50 {E) 50 {E} {G,X} NLV N 
Mercury (Inorganic) 7439976 2.0 {A} 2.0 {A} 1.3E-3 {Z} NLV N 
Molybdenum {B} 7439987 37 100 800 {X} I NLV I N 
Nickel {B} 7440020 100 {A} 100 {A} {G} NLV N 
Selenium {8} 7782492 50 {A} 50 {A} 5.0 NLV N 
Silver {B} 7440224 34 98 0.2 {M} NLV N 
Sodium 17341252 1.2E+5 3.5E+5 NA NLV I N 
Strontium {B} 7440246 4,600 13,000 760 NLV N 
Thallium {B} 7440280 2.0 {A} 2.0 {A} 3.7 {X} NLV N 
Vanadium 7440622 4.5 62 12 NLV N 
White phosphorus {R} 12185103 0.11 0.31 NA NLV N 
Zinc {8} 7440666 2,400 5,000 {E} {G} NLV N 

PAHs ·- -·- - . 

!Acenaphthene j83329 1,300 3,800 19 j 4,200 {S} I 4,20 
Acenaphthylene 208968 52 150 ID 3,900 {S} 3,90 

Anthracene 120127 43 {S} 43 {S} ID I 43 {S} I 43 

Benzo(a)anthracene {Q} 56553 2.1 8.5 NA NLV N 

Benzo(b)fluoranthene {Q} 205992 2.0 {M} 2.0 {M} 1 ID I NLV I N 

Benzo(k)fluoranthene {Q} 207089 5.0 {M} 5.0 {M} I NA NLV N 

Benzo(g, h, i)perylene 191242 5.0 {M} 
I 

5.0 {M} I NA NLV N 

Benzo(a)pyrene {Q} 50328 5.0 {A,M} I 5.0 {A,M} I ID NLV N 
lbeta-Chloronaphthalene 191587 I 1,800 I 5,200 I NA ID I 

1Chrysene {Q} j218019 5.0 {M} 5.0 {M} ID ID 

jDibenzo(a,h)anthracene {Q} j53703 5.Q {M} 5.0 {M} ID NLV N 

IDibenzofuran 1132649 ID ID 4.0 ID 

Fluoranthene ]206440 210 {S} 210 {S} I 1.6 1 210 {S} I 210 

Fluorene j86737 880 2,000 {S} I 12 I 2,000 {S} l 2,00 

lndeno(1,2,3-cd)pyrene {Q} j193395 5.0 {M} 5.0 {M} I ID I NLV I N 
2-Methylnaphthalene j91576 260 I 750 I ID I ID I I 
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Naphthalene 191203 I 520 I 1,500 13 I 31,000 {S} l 31,00 
Phenanthrene 85018 52 150 5.0 {M} 1,000 {S} 1,00 
Pyrene 129000 140 {S} 140 {S} ID I 140 {S} 140 

SEMIVOLA TILES 
Acetonitrile 75058 140 400 NA 2.4E+7 4.5 
Acetophenone 98862 1,500 4,400 NA 6.1 E+6 {S} 6.1E 
Acrylamide 79061 0.3 1.2 NA NLV N 
Acrylic acid 79107 3,900 11,000 NA 1.2E+ 7 2.8 
Aniline 62533 53 220 20 {M} NLV N 
Azobenzene 103333 23 94 NA 6,400 {S} 6,40 
Benzidine 92875 0.3 {M} 0.3 {M} ID NLV N 
Benzoic acid 65850 32,000 92,000 NA NLV N 
Benzyl alcohol 100516 10,000 29,000 I NA NLV N 
bis(2-Chloroethoxy)ethane 112265 ID ID NA NLV N 
bis(2-Chloroethyl)ether {I} 111444 2.0 8.3 NA I 38,000 2.1 
Camphene {I} 79925 ID ID NA ID I 
Caprolactam 105602 5,800 17,000 NA NLV N 
Carbazole 86748 85 350 10 {M} NLV N 
Decabromodiphenyl ether 1163195 30 {S} 30 {S} NA 30 {S} 30 
Di(2-ethylhexyl) adipate 103231 400 {A} 400 {A} NA NLV N 
Diacetone alcohol {I} 123422 ID ID NA NLV N 
1,2-Dichlorobenzene 95501 600 {A} 600 {A} 16 1.6E+5 {S} 1.6E 
1,3-Dichlorobenzene 541731 6.6 19 I 38 ID I 
1,4-Dichlorobenzene 106467 75 {A} 75 {A} I 13 16,000 74,00 
3, 3'-Dichlorobenzidine 91941 1.1 4.3 0.3 {M,X} NLV N 

.. 
l2,6-D1chloro-4-n1troarnhne 199309 2,200 6,300 NA NLV N 
!Diisopropylamine {I} 1108189 5.6 16 NA ID 
Dimethyl phthalate 131113 73,000 2.1 E+5 I NA I NLV N 
N, N-Dimethy lacetamide 127195 180 520 4,100 {X} NLV N 
N, N-Dimethylaniline 121697 16 46 NA 2.4E+5 1.3E 

2,4-Dinitrotoluene 121142 7.7 32 NA NLV N 
1-Formylpiperidine 2591868 80 230 NA ID I 

Gentian violet 548629 15 63 NA NLV N 

Hexabromobenzene 87821 10 {M} 10 {M} ID ID I 

Hexachlorobenzene (C-66) 118741 1.0 {A} 1.0 {A} ID 440 3,0 

Hexachlorobutadiene (C-46) 87.683 15 42 0.053 1,600 3,20 

alpha-Hexachlorocyclohexane 319846 0.43 1.7 NA 2,000 {S} 2,00 

\beta-Hexachlorocyclohexane \319857 0.88 3.6 NA NLV N 

IHexachlorocyclopentadiene (C-56) j77474 50 {A} 50 {A} ID ID 

Hexachloroethane 67721 7.3 21 6.7 {X} 27,000 50,00 

lsophorone 78591 770 3,100 570 {X} NLV N 

2-Methoxyethanol {I} 109864 7.3 21 NA NLV N 

I N-Methyl-morpholine {I} 109024 20 56 NA NLV N 

Methylcyclopentane {I} 96377 ID ID NA ID I 

4,4'-Methylene-bis-2-chloroaniline 101144 1.1 4.5 NA NLV N 
(MBOCA) 

Nitrobenzene {I} 98953 3.4 9.6 180 {X} 2.1 E+6 {S} 2.1 E 

n-N itroso-d i-n-propy lamine 621647 5.0 {M} 5.0 {M} NA NLV N 

N-Nitrosodiphenylamine . 86306 270 1,100 I NA I NLV I N 

!Oxo-hexyl acetate . j88230357 73 210 I NA I ID I I 

I Pentach lorobenzene J608935 6.1 17 NA ID 

I Pentach loron itrobenzene 182688 32 {S} 32 {S} NA 32 {S} 32 

!Piperidine 1110894 3.2 9.2 NA NLV N 
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Propionic acid 179094 12,000 35,000 I ID I NLV N 
Pyridine {I} 110861 7.3 21 NA 5,500 12, 
1,2,4,5-Tetrachlorobenzene 95943 1,300 {S} 1,300 {S} 2.9 {X} ID I 
p-Toluidine 106490 15 62 NA NLV N 
Tributylamine 102829 10 29 ID 14,000 75,00 
1,2,4-Trichlorobenzene 120821 70 {A} 70 {A} 30 3.0E+5 {S} 3.0E 
Triphenyl phosphate 115866 1,200 1,400 {S} NA NLV N 
tris(2,3-Dibromopropyl)phosphate 126727 0.71 2.9 NA 4,700 {S} 4,70 

PCBs 
Polychlorinated biphenyls (PCBs) 1336363 0.5 {A} 0.5 {A} 0.2 {M} 45 {S} 45 {J,T} 

PHTHALATES 
bis(2-Ethylhexyl)phthalate 117817 6.0 {A} 6.0 {A} 32 NLV N 
Butyl benzyl phthalate 85687 1,200 2,700 {S} 14 {X} NLV N 
Di-n-butyl phthalate 84742 880 2,500 9.7 NLV N 
Di-n-octyl phthalate 117840 130 380 ID NLV N 
Dicyclohexyl phthalate 84617 ID ID NA ID I 
Diethyl phthalate 84662 5,500 16,000 NA NLV N 
Phthalic acid 88993 14,000 40,000 NA NLV N 
Phthalic anhydride 85449 15,000 44,000 NA NLV N 

PESTICIDES 
Alachlor 15972608 2.0 {A} 2.0 {A} 11 {X} NLV N 
Aldrin 309002 0.098 0.4 NA 180 {S} 180 
Atrazine 1912249 3.0 {A} 3.0 {A} 7.3 {X} NLV N 
Chlordane {J} 57749 2.0 {A} 2.0 {A} IP 56 {S} 56 
Chlorpyrifos 2921882 22 63 NA 2.9 6. 
Cyanazine 21725462 10 {M} 10 {M} 56 {X} NLV N 
Dacthal 1861321 73 210 NA NLV N 
4-4'-DDD 72548 9.1 37 NA NLV N 
4-4'-DDE 72559 4.3 15 NA ID I 

4-4'-DDT 50293 3.6 10 0.02 {M} NLV N 
Diazinon 333415 1.3 3.8 NA NLV N 
Dichlorovos 62737 1.6 6.7 NA NLV N 
Dieldrin 60571 0.11 0.43 0.02 {M} 200 {S} 200 

Dinoseb 88857 7.0 {A} 7.0 {A} NA ID I 
Diuron 330541 31 90 NA NLV N .. -
Endosulfan { J} 115297 1.7 4.8 NA I ID I 
Endothall 145733 100 {A} 100 {A} NA I NLV N 

!Endnn !72208 2.0 {A} 2.0 {A} IP NLV N 

!Heptachlor l76448 0.4 {A} 0.4 {A} NA 180 {S} 180 

!Heptachlor epoxide 1024573 0.2 {A} 0.2 {A} NA NLV N 

Lindane 58899 0.2 {A} 0.2 {A} 0.027 ID 

IMethoxychlor !72435 40 {A} 40 {A} NA ID 

Methyl parathion 298000 1.8 5.2 NA NLV N 
Metolachlor 51218452 240 990 NA NLV N 

Mirex 2385855 0.02 {M} 0.02 {M} NA NA N 

Pendimethalin 40487421 280 {S} 280 {S} NA NLV N 
Prometon 1610180 160 460 NA NLV N 

Propachlor 1918167 95 270 NA NLV N 

Propazine 139402 200 560 I NA j NLV I N 

!S1mazine 1122349 1 4.0 {A} 4.0 {A} NA NLV N 

jTebuthiuron j34014181 j 510 1,500 NA NLV N 

jToxaphene J80013s2 1 3.0 {A} 3.0 {A} 1.0 {M} NLV N 
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Triallate 12303175 95 I 270 l NA I ID I I 
PESTICIDES-HERBICIDES I 

Aldicarb 116063 3.0 {A} 3.0 {A} NA I NLV N 
Aldicarb sulfoxide 1646873 4.0 {A} 4.0 {A} NA I NLV N 
Aldicarb sulfone 1646884 2.0 {A} 2.0 {A} NA NLV N 
Carbary! 63252 700 2,000 NA ID I 
Carbofuran 1563662 40 {A} 40 {A} NA NLV N 
Dalapon 75990 200 {A} 200 {A} NA NLV N 
2,4-Dichlorophenoxyacetic acid 94757 70 {A} 70 {A} 220 NLV N 
Diquat 85007 20 {A} 20 {A} NA NLV N 

Glyphosate 1071836 700 {A} 700 {A} NA NLV N 

2-Methy I-4-chlorophenoxyacetic 94746 7.3 21 NA NLV N acid 
Oxamyl 23135220 200 {A} 200 {A} NA NLV N 
Picloram 1918021 500 {A} 500 {A} NA NLV N 
Silvex (2,4,5-TP) 93721 50 {A} 50 {A} I NA NLV N 
Trifluralin 1582098 37 110 NA ID I 

DIOXINS 
2,3, 7 ,8-Tetrabromodibenzo-p-dioxin 50585416 {O} {O} {O} NLV N {O} 
2,3, 7,8-Tetrachlorodibenzo-p-dioxin 1746016 3.0E-5 {A} 3.0E-5 {A} 1.0E-5 {M} NLV N {O} 

PHENOLS 
4-Chloro-3-methylphenol 59507 150 420 NA NLV N 
2-Chlorophenol 95578 45 130 22 ID I 
2,4-Dichlorophenol 120832 73 210 19 NLV N 
2,4-Dimethylphenol 105679 370 1,000 380 NLV N 
2,6-Dimethylphenol 576261 4.4 13 I NA NLV N 
3,4-Dimethy I phenol 95658 10 29 NA NLV N 
2-Methyl-4,6-dinitrophenol 534521 20 {M} 20 {M} NA NLV N 
Methylphenols (J) 1319773 370 1,000 71 NLV N 
2-Nitrophenol 88755 20 58 ID NLV N 
Pentach lorophenol 87865 1.0 {A} 1.0 {A} {G,X} NLV N 
Phenol 108952 4,400 13,000 210 NLV N 
2,4,5-Trichlorophenol 95954 730 2,100 NA NLV N 
2,4,6-Trichlorophenol 88062 120 470 4.4 NLV I N 
3-Trifluoromethyl-4-nitrophenol 88302 4,500 13,000 I NA NLV N 

MISCELLANEOUS I I 
!Ammonia j7664417 10,000 {N} 10,000 {N} {AC} I 3.2E+6 7.2 

Asbestos {AB} 1332214 7.0E+6 f/ml 7.0E+6 f/ml j NA NLV N 
{A} {A} 

Chloride 16887006 2.5E+5 {E} 2.5E+5 {E} 1.25E+5 {X} NLV N 

Cyanide {R} 157125 200 {A} 200 {A} I 20 {M} NLV N 

Fluorine (soluble fluoride) {B} 17782414 2,000 {E} 2,000 {E} I NA NLV I N 

Nitrate {B, N} 114797558 10,000 {A,N} 10,000 {A,N} I NA NLV N 

Nitrite {B, N} 114797650 1,000 {A,N} 1,000 {A,N} I NA NLV N 

Phosphorus (total) 7723140 63,000 2.4E+5 I NA NLV I N 

Sulfate ]14808798 2.5E+5 {E} 2.5E+5 {E} I NA I NLV I N 

Urea 157136 ID {N} I ID {N} I NA NLV I N 

·'\ j PBBs I I 
!Polybrominated biphenyls {J} j67774327l 0.032 0.09 . IP NLV N 

I GLYCOLS I I 
IDiethylene glycol monobutyl ether J 112345 I 88 250 NA NLV N 
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Ethylene glycol 1107211 15,000 I 42,000 l 1.9E+5 {X} l NLV N 

1 
Ethylene glycol monobutyl ether 111762 3,700 10,000 I NA 2.9E+6 6.5 
Propylene glycol 57556 1.5E+5 4.2E+5 NA NLV N 
Triethylene glycol 112276 10,000 {M} 12,000 NA NLV N 

CARBONYLS 
Acetaldehyde {I} 75070 950 2,700 NA 1.1 E+6 2.3 
Cyclohexanone 108941 33,000 94,000 NA 1,400 3,3 
Formaldehyde 50000 1,300 3,800 120 63,000 3.6 

LOW MOLECULAR WEIGHT 
ACID 

Acetic acid 64197 18,000 {M} 18,000 {M} 18,000 {M} NLV N 
Formic acid {l,U} 64186 18,000 {M} 29,000 ID 7.7E+6 1.5 

) 

) 
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1. Introduction 

This Performance Monitoring Plan (PMP) for the Macomb County Landfill Properties 9 and 9A is 
designed to evaluate the effectiveness of the site's Remedial Action Plan (RAP). "Property" means 
the property of Landfills 9 an 9 A located south of 24 Mile Road, west of Card Road, and north of 
the McBride Drain and legally described in Appendix A of the Consent Decree except as modified 
by written agreement between SDMA and MDEQ. The PMP is considered as part of the RAP and 
together will ensure that the properties are remediated in accordance with the applicable regulations 
and court decisions. 

This PMP is specific to the monitoring of the remedial action measures. Engineering and 
construction of the remedial systems are discussed in the RAP. The main focus of this PMP is the 
evaluation measures needed to assess the effectiveness of the remedial efforts. Within the time 
frame of the remediation system's operation the following PMP goals will be achieved: 

(1) Reaching and maintaining generic residential criteria in groundwater, 
(2) Within four years of system start up reach and maintain hydraulic control of the 

groundwater plume that exceeds the health-based residential criteria, and 
(3) Within four years of system start up reach and maintain chemical containment of 

groundwater plume that exceeds the health based residential criteria. 

The final remediation goal is to achieve and maintain generic residential standards in the 
groundwater at all points in the aquifer beyond the property. Upon achievement of such a goaJ, it is 
anticipated the site will be deleted from the National Priorities List (NPL). 

2. Summary 

The PMP will be incorporated into the RAP that meets the requirements of Sections 18, 20a and 
20b of Part 201 ofNREPA. Any disputes involving the PMP will be resolved in accordance with 
Section XVI (Dispute Resolution) of the Consent Decree. SMDA will perform the following tasks 
as part of its PMP for the Macomb County Landfill Properties 9 and 9A. These tasks include the 
following: 

1. Installation of monitoring wells as required. 

2. Sampling of groundwater from the monitoring wells to determine their appropriateness 
for background use. 

3. Monitor the geographic extent of the aesthetic exceedance response from household 
groundwater well data. 

4. Sample and analyze water from monitoring wells to assess current conditions and assess 
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the effectiveness of the RAP in achieving chemical containment. 

5. Measure groundwater elevations within the monitoring wells to assess the effectiveness 
of the RAP in achieving hydraulic control and dewatering. 

6. Assess the overall performance of the remedial systems in achieving steady state and 
completion of the dewatering phase. 

7. Notify MDEQ of excessive leachate/groundwater elevation conditions. 

8. Notify MDEQ of excessive chemical monitoring conditions. 

9. Perform periodic reviews of the remedial systems performance and make modifications 
to these systems as necessary. 

10. Maintain and operate all pumps, pipes, appurtenances, mechanical systems, electrical 
controls and electrical power systems for the duration of the remediation effort. 

11. Achieve and maintain capture of the contaminant plumes. 

3. Aesthetic Exceedance in Groundwater 

The following shall apply with respect to any Part 201 aesthetic exceedance that .exists in the 
groundwater within one (1) mile of the boundaries of the Property: 

3.1 Background Monitoring Wells Locations and Evaluation 

Three wells have been installed and contribute background information. New wells may be 
installed within one mile of the boundaries of the Properties to provide additional background 
information. The locations of the new background wells are subject to MDEQ approval. 

Each well will be sampled using a sampling methodology and analysis which complies with the 
methodologies prescribed by Part 201 of the NREPA, Part 201 Rules and guidance provided by the 
MDEQ on detection limits and analytical methods. The samples will be analyzed for iron, 
manganese, chloride, diethyl ether, barium, arsenic and general chemistry by a MDEQ approved lab. 
A split sample will be provided to MDEQ, if requested. 

Upon completion of the sampling and analysis of these wells, an evaluation will be performed to 
determine the appropriateness of the wells for background use. The data and evaluation will be 
submitted to MDEQ for review and approval. If the data clearly demonstrate that the wells are 
likely impacted by a source of contamination they should not be used for the determination of 
background concentrations. If the data indicate that any contaminant plume that emanates from 
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Property 9 or Property 9A is being influenced by upgradient contamination, further evaluation may 
) be necessary to determine if the wells are appropriate for background concentrations for the 

Properties. Some background will be determined and used and, if necessary, MDEQ shall designate 
one or more alternate locations to install well(s), which will be evaluated as provided herein. This 
will be done until the parties agree that three true background wells exist. 

3.2 Establishing Background Parameters 

The background concentration of each parameter sampled and analyzed for purposes of remediating 
the Properties shall be calculated using the average of the concentration of each parameter sampled 
and analyzed from these three wells and by using a statistical method agreed to by the MDEQ. 
Sampling may be performed for other constituents, including those with health-based standards, 
which will become background for each of those additional contaminants when the average 
concentration is calculated using the same methodology. 

3.3 Geographical Extent of Aesthetic Response 

The geographical extent of the health-based exceedance is indicated in the following report: 
"Supplemental Plume Delineation Report", CRA, dated June 2000, Reference No. 11413(21 ). The 
aesthetic response actions contained in the PMP apply to all areas within a mile of the Property. 

By March 31, 2002, SMDA shall determine whether the groundwater in any residential well that is 
located within one mile of a boundary of the site being used for household use exceeds the higher 

_ _,) of: the standards for aesthetics for manganese, iron, chloride, diethyl ether, barium, arsenic, general 
chemistry, total dissolved solid (TDS) and other parameters designated by the MDEQ; or the 
background for any such parameter as determined pursuant to applicable provisions of this PMP. 

If an aesthetic exceedance exists at any such residence and the residence in question is not part of a 
subdivision, within 45 days of the above determination, SMDA shall offer the owner of the 
residence the choice of installation of a water softener at SMDA' s expense or payment to the owner 
of the residence the equivalent of the cost of a water softener to be used towards hook up to 
municipal water, if municipal water is available. 

If the residence is part of a subdivision and if Macomb Township has adopted and is enforcing a 
water ordinance described in Section 3 .4, then SMDA will have no further obligation to address 
aesthetic exceedance criteria in the groundwater at that residence. The ordinance must be enforced 
in order to remain a valid institutional control pursuant to Part 201. 

If, however, Macomb Township has not adopted such an ordinance or the residence is for some 
reason not subject to such an ordinance, then SMDA shall make the offer of either the water 
softener or the equivalent cost described above, regardless of whether the residence is part of a 
subdivision. 
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SMDA will not be required to take action if it is demonstrated to the MDEQ's satisfaction that the 
detected contamination is not attributable to the Facility. Any dispute will be resolved in 
accordance with the Consent Order. 

3.4 Exceptions for New residential Areas 

SMDA may request Macomb Township to adopt and enforce a township ordinance acceptable to 
the MDEQ pursuant to which any subdivision t}:lat exists or is established within 1 mile of the 
boundaries of Properties 9 and 9A must hook all existing and future residences within the 
subdivision to municipal water. 

4. Capture of Contaminant Plumes 

The SMDA shall "capture" the contaminant plumes emanating beyond the lateral boundaries of the 
Properties by demonstrating both hydraulic control and chemical containment 

4.1 Hydraulic Control 

Hydraulic control shall be demonstrated through the use of groundwater contour maps and profiles 
showing the horizontal and vertical direction of groundwater flow and horizontal and vertical 
hydraulic gradients. Hydraulic control will be considered to extend to the point where the hydraulic 
gradients are toward the Property or toward a component of the extrn~tion system (i.e. the divide 
between inward and outward gradients). 

4.2 Chemical Containment 

Chemical containment ( or chemical capture) is defined as the stabilization and/or reduction of the 
plume that extends beyond the boundaries of the Property, which exceeds the higher of Part 201 
residential health-based drinking water criteria as contained in the January 29, 1999 update of Part 
201 Generic Cleanup Criteria Tables of the August 31, 1998 MDEQ Environmental Response 
Division Memorandum # 18 as amended by the October 2, 1998 Update or background as 
determined pursuant to the Consent Decree (refer to Appendix C). Chemical capture will be 
considered to exist if the chemical concentrations of the groundwater in the sentinel wells remain 
below the higher of Part 201 residential health-based drinking water criteria or background and if 
the chemical concentrations in all of the monitoring wells do not change in a way that indicates that 
the plume is expanding. 

4.3 Dewatering 

Dewatering is defined as the process of achieving a zone of hydraulic control expanding away from 
the individual collection components of the and remedy toward the required zone of capture (i.e. 
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Part 201 residential health-based plume or background) and decreasing water elevations in the zone 
of capture towards achieving a steady state dewatered condition within the boundaries of the 
Properties. Dewatering phase is defined to comprise the time until achievement of steady state 
conditions or four ( 4) years from startup, whichever is sooner. Completion of dewatering is defined 
as the attainment oflong-term equilibrium conditions where water levels are drawn down such that 
the maximum extent of capture is achieved. 

Following 90 days after start up of the Groundwater/Leachate Collection System and during the 
dewatering phase (i.e. prior to steady state conditions) SMDA shall demonstrate that dewatering is 
occurring. Capture of the health-based plume beyond the boundaries of the Property shall be 
attained within 4 years of the startup of the groundwater/leachate collection system. Once 
completion of dewatering is achieved, SMDA shall demonstrate that: Capture of the health-based 
plume beyond the boundaries of the Property is maintained until such time as concentrations in 
groundwater beyond the boundaries of the properties are below the higher of Part 201 residential 
health-based drinking water criteria or background and; The collection trenches are effective in 
eliminating the continued loss of leachate to the aquifer beyond the boundaries of the Properties. 
This demonstration may provide extra confidence in the overall system and allow for reductions in 
monitoring of the aquifer and support any proposals involving natural attenuation or other remedy 
proposals. 

5. Monitoring Wells 

-,, Extraction and monitoring well locations, both existing and proposed are shown on plan sheet #8. 
Appendix A identifies a preliminary monitoring well network for Aquifers 1, 2, and 3 has been 
currently agreed to by SMDA and MDEQ based on the currently understood remedy and conditions 
at the Facility. Groundwater samples will be obtained and analyzed, and water levels measured in 
each type of well in accordance with Appendix A of this PMP. 

5.1 Monitoring Wells Installation 

SMDA will install up to six (6) transducers in wells to be selected by MDEQ. SMDA will monitor 
the water levels in the six ( 6) wells on an on going basis at no less than daily intervals during 
implementation of the PMP or until MDEQ agrees that such monitoring can be reduced or stopped 
on one or more such wells. Additional wells designated for long term monitoring will be installed 
(594R, 9706 and 9707). An additional well will be installed beyond MW-210R to define the extent 
of the plume in that area. 

5.2 East Side of Site 9 

After completion of dewatering, the monitoring system must be able to demonstrate to the MDEQ's 
satisfaction that the leachate collection system is pulling contaminants off the bottom of aquifer 2 
on the east side of the Property, where this is required to control the off-site migration of leachate. 
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To demonstrate this condition, additional piezometers must be positioned in a line perpendicular to 
the leachate collection trench on the east side of the Property. The number and location of these 
additional wells or piezometer clusters shall be subject to MDEQ approval and sufficient to 
demonstrate capture. 

The measured static water elevations, when mapped in cross section, must show decreasing head 
levels from the base of the aquifer to the collection trench as in Appendix B. The profile of static 
water elevations will be presented in both tabular and graphical format. At the discretion of the 
MDEQ, tabular format may be used exclusively. 

The measured static water elevations, when mapped in cross section, must show decreasing head 
levels from the base of the aquifer to the collection trench as in Attachment C. The profile set forth 
in Attachment C ( of the Consent Decree) and the associated contours will only need to be 
demonstrated initially by SMDA after completion of dewatering. The intent of Attachment C is to 
provide an example oh how MDEQ would like SMDA graphically to present capture in that area. 
SMDA may therefore present flow and gradients in tabular form. Tabular form presentation 
pursuant to Section V .D .4 ( of the Consent Decree) is acceptable with respect to flow and gradients 
in all areas throughout the monitoring period. If this condition is not met, notification and response 
actions as outlined in the following section will be necessary. The final performance monitoring 
network will be subject to MDEQ review and approval. 

6. Leachate/Groundwater Notification Conditions 

The following sections list those conditions involving leachate and groundwater elevation that 
will require notification to MDEQ: 

6. 1 Notification During Start-Up Period 

The general trends in leachate/groundwater elevations will be observed and documented during the 
initial 90-day startup period in appropriate wells, piezometers and drains. The response 
mechanisms described below will not apply during the first 90-days because it is not expected that 
hydraulic or chemical containment will be attained. SMDA will also provide MDEQ with monthly 
summaries of the dewatering phase during the initial 90-day period. Three summaries shall be 
submitted within 15 days after the end of the month being reported. An initial review of the 
hydraulic monitoring data will be completed within 3 weeks of each monitoring event performed 
after the first 90 days. 

6.2 Notification Triggers 

Based on the initial review, the following leachate/groundwater elevation conditions require action 
SMDA by and notification to MDEQ: 
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(a) During the dewatering phase, the leachate/groundwater elevations (corrected for climatic 
effects as necessary) indicate that the zone of hydraulic control is not increasing away from 
the individual collection components when comparing at least two consecutive monitoring 
intervals; or 

(b) After the dewatering phase (i.e. steady state conditions), the leachate/groundwater elevations 
(corrected for climatic effects as necessary) do not demonstrate hydraulic control of the 
delineated extent of groundwater contamination above the higher of health-based standards 
or background. 

6.3 Required Actions 

The following actions will be taken by SMDA if any of the above conditions occur: SMDA will 
notify the MDEQ within one week of evaluating the data collected during the monitoring event for 
which the above condition occurs. If the trends or fluctuations in leachate/groundwater elevations 
cannot be explained by climatic conditions or hydrogeologic effects observed in wells outside the 
area to be dewatered, the leachate/ groundwater levels in the area of concern will be remeasured 
within two weeks of above notification. 

The MDEQ will be notified of the results within one week of the follow-up monitoring event. If the 
elevations have declined, measurement of leachate groundwater elevations will continue at 
biweekly intervals for one month during the monthly monitoring phase and at 6-week intervals for 
one quarter during the quarterly monitoring phase. 

If the hydraulic monitoring does not demonstrate that dewatering is occurring at a rate that will 
result in capture within four ( 4) years of startup of the leachate/groundwater collection system, 
SMDA will increase pumping or leachate collection rates in the affected area within 2 weeks of the 
time water levels were remeasured to correct the situation. The results of these actions will be 
forwarded to MDEQ within 8 weeks of the increase in pumping or leachate collection rates. 

If increased pumping or leachate collection is not practical or does not cause the water elevation to 
decline, SMDA will submit a corrective action plan to the MDEQ within 10 weeks of identifying 
the situation. Construction of the corrective actions will be implemented within 6 months of 
identifying the condition. SMDA may petition the MDEQ to request an extension if major 
modifications to the system are required or weather conditions do not permit timely construction. 
The concept that increased pumping and/or collection "is not practical" shall mean that the method 
of collection, treatment or disposal ofleachate and groundwater, which SMDA is using at the time, 
cannot handle the increased volume of liquids. 

7. Chemical Monitoring Notification Conditions 

The following lists those conditions involving chemical monitoring that will require notification 
toMDEQ: 
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7. 1 Conditions Requiring Action 

The following leachate/groundwater quality conditions require action by SMDA and notification to 
MDEQ: The chemical concentration in any of the sentinel monitoring wells increases above the Part 
201 residential health-based drinking water criteria or background as established pursuant to Section 
3 of this PMP, whichever is higher; or: The chemical concentration in any of the monitoring wells 
increases in a way that indicates that the plume may be expanding. 

7.2 Required Actions during Dewatering 

SMDA will take the following actions if any of the above chemical monitoring conditions occur 
during the dewatering phase: SMDA will notify the MDEQ of the condition within 1 week of 
evaluating the results. Evaluation of the results will occur within 2 weeks of receipt of the results. 
The well will be resampled within 3 weeks of the above notification. If the chemical concentration 
in the follow-up sample is below the Part 201 residential health-based criteria or background, 
whichever is higher, and does not indicate the plume may be expanding, the monitoring well will 
continue to be sampled during the regularly scheduled water quality monitoring events. If the 
chemical concentration in the follow-up sample from a sentinel well does not meet the Part 201 
residential health-based criteria or background, whichever is higher, a new sentinel well will be 
installed downgradient of the impacted sentinel well to monitor the expansion of the plume. Any 
such wells shall be installed within 3 months of receipt of the results unless an extension of this 
time is agreed to by the MDEQ. 

The limits of the plume will be monitored and revised during the dewatering phase to provide a 
basis to evaluate the effects of the remedy on the plume when steady-state conditions have been 
attained. The new location(s) will be proposed by SMDA and be subject to review and approval by 
the MDEQ. 

7.3 Required Action after Dewatering 

SMDA will take the following actions if any of the above chemical monitoring conditions occur 
after the dewatering phase (i.e. steady-state conditions): SMDA will notify the MDEQ of the 
condition within 1 week of evaluating the results. Evaluation of the results must occur within two 
weeks ofreceipt of the results. The well will be resampled within 3 weeks the above notification. If 
the chemical concentration in the follow-up sample meets the Part 201 residential health-based 
criteria or background, whichever is higher, the monitoring well will continue to be sampled during 
the scheduled water quality monitoring events. 

If the chemical concentration in the follow-up sample does not meet the Part 201 residential health
based criteria or is above background, whichever is higher: SMDA will notify the MDEQ of the 
corrective actions that will be taken within 1 week of this determination. SMDA will increase 
pumping or leachate collection rates if necessary in the affected area within 2 weeks of this 
determination to correct the situation. The well will be resampled within 8 weeks of increasing the 
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pumping or leachate collection rates. The results of these actions will be forwarded to MDEQ 
within 1 week of evaluating the analytical results of this last resample. 

If increased pumping or leachate collection rates is not practical or does not cause the water quality 
to improve and/or if SMDA is unable to demonstrate hydraulic capture, SMDA will submit a 
corrective action plan to the MDEQ within 12 weeks of identifying the situation. The corrective 
actions will be implemented within 6 months of identifying the condition. SMDA may petition the 
MDEQ to request an extension if major modifications to the system are required or weather 
conditions do not permit timely construction. 

8. Periodic Review 

The leachate/groundwater extraction and monitoring systems will be reviewed periodically during 
and following the 90-day startup phase of the remedial action to determine if the locations and 
performance of the extraction and monitoring systems are adequate. Monthly reviews will be 
conducted during the start up phase, and reported to MDEQ in the monthly progress reports. 
Thereafter this issue will be addressed with the MDEQ on an annual basis in the annual monitoring 
report, to be submitted annually within 30 days of the anniversary of the effective date of the 
Consent Decree, until 1 year after equilibrium conditions are attained. During the reviews, wells 
proposed to be abandoned will be identified. 

9. Modification 

The PMP will be modified, as necessary, based on the Final Design, additional investigations 
(including the Supplemental Plume Delineation Work Plan, potable well inventory, hydraulic 
monitoring, etc.) as well as initial system operational data. Any revisions to the PMP will result in a 
similar level of cost and effort as currently proposed in Appendix A, provided no new information 
becomes available that significantly changes MDEQ's or SMDA's current understanding of the 
Facility conditions and/or the adequacy of the Conceptual Remedy. SMDA will submit any such 
modifications to the MDEQ for review and approval. Any disputes will be resolved in accordance 
with Section XVI of the Consent Decree. 

10. Pumping System 

SMDA shall start up the groundwater/leachate collection pumping system within September 7, 2002 
unless a longer time is agreed to by SMDA and the MDEQ. 

SMDA shall achieve capture, as defined above of the contaminant plumes that exceed the Part 201 
health based standards or background, whichever is higher, beyond the boundaries of the Properties 
within four (4) years of the startup of the groundwater/leachate collection pumping system. 

10.1 Failure to Achieve Capture 

If capture is not achieved within 4 years of the startup of the leachate/groundwater collection 
system, or by the completion of the dewatering phase, SMDA will: immediately increase pumping 
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and leachate collection rates, as practical, until a corrective action plan is implemented; and submit 
to the MDEQ a corrective action plan including an amendment to the RAP within 10 days of the 
end of the four years or within 10 weeks of completion of the dewatering phase, whichever occurs 
first. The corrective action plan should include an evaluation of additional groundwater extraction 
wells and leachate collection trenches, as necessary, to obtain capture. 

The corrective actions will be implemented within 6 months of identifying the condition, unless a 
longer time is agreed to by SMDA and MDEQ. Any disputes concerning the proposed corrective 
action plan or the amendments to the RAP shall be resolved in accordance with Section XVI of the 
Consent Decree. 

10.2 Alternate Remedies 

If, at any time after startup of the groundwater/leachate collection system, SMDA concludes that 
contaminated groundwater in one or more areas is not likely to be captured by the existing system 
or, if after completion of the dewatering phase, there are certain areas of the plume where the 
monitoring does not conclusively show hydraulic control or chemical containment, SMDA may 
propose an alternate remedy which may include natural attenuation. This proposed alternative 

.. remedy will be submitted to MDEQ for approval as a resubmittal of the RAP and PMP. 

The burden shall be on SMDA to clearly delineate the extent of such areas, to adequately 
demonstrate that chemical containment has been achieved in the area( s ), and to demonstrate that the 
collection system is preventing any continued loading of contaminated leachate to the aquifer in the 
area(s). 

In the event that SMDA submits such a proposal, the proposal shall include adequate deed 
restrictions or institutional controls and fully comply with a "limited" or site-specific category 
cleanup pursuant to Part 201, including Sections 20118, 20120a and 20120b. Unless and until the 
MDEQ approves of such a proposal, SMDA shall fully comply with all notifications and responses 
contained in the Consent Decree and in the approved PMP. Any disputes concerning the proposed 
alternative remedy shall be resolved in accordance with Section XVI of the Consent Decree. 

10.3 Demonstration of Capture 

Once capture of the health-based plume has been achieved, SMDA shall demonstrate that capture of 
the plume beyond the boundaries of the Properties is maintained until such time as concentrations in 
groundwater at the boundary of the Properties are below Part 201 residential health-based drinking 
water criteria or background, whichever is higher. Capture/containment at the boundaries of the 
Properties and property owned by SMDA will need to be maintained in perpetuity or until it is 
demonstrated to MDEQ's satisfaction that all leachate/groundwater within the Site boundaries and 
under land owned by SMDA meets all applicable standards or at or below background, whichever is 
higher. 
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11. Verification of Remediation 

At the start of groundwater monitoring, SMDA will perform baseline sampling in accordance with 
tables 1,2 and 3 of Appendix A of this PMP. The information from this initial baseline sampling 
and analysis will be used to confirm the extent of the contaminant plume defined in the CRA 
supplemental Plume Delineation Report of June 2000. If the plume(s) are not completely defined, 
additional wells will be installed to define the extent of contamination above the residential health
based criteria. If necessary, the contaminant plume will be redrawn for each aquifer. Based on the 
Supplemental Plume Delineation Report, additional monitoring wells will be needed northeast of 
MW-201 Rand possibly MW-117R. 

12. Well Closure 

Once the extent of the contaminant plume within each aquifer has been confirmed, SMDA will 
sample and analyze for metals, VOCS and general chemistry, consistent with Appendix A. After 
the first year of monitoring an assessment will be performed to determined which general chemistry 
parameters to continue analyzing. Any time after the first two years of monitoring, SMDA may 
petition the MDEQ to reduce the number of parameters analyzed and/or the frequency of 
monitoring. When a monitoring well no longer shows any parameters in excess of standards and if 
the well is no longer needed to demonstrate chemical containment, SMDA may petition the MDEQ 
to cease chemical monitoring at that well. Chemical monitoring will only cease after MDEQ 
approval for such a change to the PMP. 
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Appendix A- Groundwater Monitoring Well Summaries 
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ll'atrLLrrcLllw1ltt!dllC JL'11tcc_Q1111/ ilr...11 I ,wit ,uiu,: _ ~ 
(Quurterly) (Co11ti111w111') (ll1m:llm•) (Q1111rtaM (.-111111111/) 

x•21 

X X 

X X X'"I 

X 
Xlll 

X x''' 
XPI 

xm X 
xn1 X 

X X 

Xl?I X 

xm X 

Xlll X X 

X X X 

X x'j' 
X°' X X 

X 

X X 

xn1 

Xfll 

xm 
X X 

X X X''' 
X X Xfll 

X X X 

X 



ll'c/11. n. St11t111· 

MW-526-2-1 E 

MW-526-2-2 E 

MW-526-2-3 E 

MW-527 E 

MW-528 E 

MW-529-2-1 E 

MW-529-2-2 E 

MW-530-2-1 E 

MW-530-2-2 E 

MW-530-2-3 E 

MW-530-2-1 E 

MW-539-2-1 E • , 

MW-539-2-2 E 

MW-540-2-1 E 

MW-5'12-2-1 E 

MW-542-2-2 E 

MW-543-2-1 E 

MW-5'13-2-2 E 

MW-550 E 

MW-55I E 

MW-556-23 E 

MW-557 E 

MW-550-22 E 

MW-565-23 E 

MW-571-43 E 

MW-575-36 E 
CA~ 1\ ◄ D (61 

TABLE 2 

AQUIFER 2 MONITORING SUMMARY 
SMDA SITES 9 AND 9A 

MACOMB COUNTY, MICI IIGAN 

l.fl('{l(iflll mt1cLl,r1illt,wl1t1rl11c lL'lllcL{J11{l/ilr.._1l/1.will![/llC-.~ 
(Qunrlaly) (Co111/1111111H) ( fl 11n·ll111!) ((11111rtaly) (,,111111111/) 

- --
NEO xm X X''' 
NE9 Xlll X x''' 
NEO xm X x''' 

. NEO . ;• .. X X . . X 
I I 11 I I 

X ···WO X X 

S9A X X 

SOA xn1 X 

EO xn• X 

E9 xm 
E9 xni 

NW9 X X 

E9 xni X x'•' 
EO xm X XIII 

E9 X X I X 

W9 X X 

W'J X X .. 
NW9A Xlll X x''' 
NWOA XPI X xn• 

En X X 

E9 X 

CDA X 

W9/E9A xm XISI 

C9A X X 

C9A xni 

C9 Xfll X 

C9A xtl) 

Pnon 2 ol 3 



L 

cn.i. 11H11si 

l 
TABLE 2 

AQUIFER 2 MONITORING SUMMARY 
SMOA SITES 9 AND 9A 

MACOMB COUNTY, MICIIIGAN 

ll't:11 /./). Stul11s l.oc11ti1111 l!'illt:LLrrrLAl!!llill!riJJC m11rdl1wllldf lWill!d!lc.. ~ 
((!1rnrferly) (Co11tl11110111-J (Q1111rti:rfr) 

MW-576-24 E - ·so X(ll 

MW-578-26 E CD X 

MW-578-30 E CD x111 

MW-5fl1-J2 E SEO X X 
,, t I 

MW-582-10 E I I lff 'SO X X 

MW-504-25 E ED X 

MW-594-35tt 1 N ED X X 

8034 E SWOA X 

8836 E WOA X 

9708-2111 N EO X X 

9709-2' 11 N SEO X X 

MW-201R' 11 N - NE9 X X 

MW-117-R1
'
1 N NED X X 

Note: 

111 - Dependent on Ille Supplemenlc1I Plume Delineation results. 

Pl - Waler levels lo be monilored weekly for the first 4 weeks and monlhly for the nexl 5 months. 

P> - After lhe firsl year only sample deplh wilh hlghesl conlaminanl level 

X 

X 

X 

X 

X 

111 
- Continuous waler level monilorinn will be performed using electronic transducers programmed lo record nt 

dc1ily intervals .. Data will he clownloc1clecl each quarter. 

Ol - Sample dllring initial baseline event only 

fnl - After the lirsl year, determine need for further sampling 

(,-I 11111111/) 

X 

X 

X 

X 

X 

X 

Pl - The inilial Baseline monitoring and Quarterly monitoring for the firsl year will Include TCL VOCs. TAL metals. and 
general cl1emislry (soclillm, rolassium, magnesium. calcium. hlcarbonale, carbonale, chloride, s11Uale, 1100, COD. TDS, 

. nitrales, and ammonia). Reo11tar Baseline, Annual, and Quarterly monitoring shall Include TCL VOCs and TAL Melals. After 

lhe first year, an assessmenl will he performed lo determine which general chemistry raramelers lo continlle analyzing (or 
durinf} (LJl11re events and on which wells. 
Stllt11s- l:=c:--is1i11~ well, N=ncw well (o hi! inslnlkd 

J.nct1tio11 -location of well wilh respect lo Siles 9 or OA (N=norlh, S =so1ith. E=easl, W=wesl, C=cenlral) 



ll'ell /.D. S/11(//S 

MW-100 E 

MW-101 E 

MW-105 E . :1; 
I I 111 I 

MW-109 E 

MW-202 E 

MW-205 E 

MW-210 E 

MW-212 E 

MW-500-2-l E 

MW-500-2-2 E' 
MW-S0·l-2-1 E 

MW-501-2-2 E 

MW-501-2-3 E 

MW-501-2-4 E 

MW-501-3-1 (: 

MW-502 E 

MW-503-2-1 E 

MW-503-2-2 E 

MW-503-2-3 E 

MW-50,1-2-1 E 

cnA I HI) 101 

TABLE 3 

AQUIFER 3 MONITORING SUMMARY 
SMDA SITES 9 AND 9A 

MACOMB COUNTY, MICI IIGAN 

l.ocatio11 ltutcLLcrrLAltwltt!.ll11c 
(Quarterly) ( Co II Ii III w m) 

. C9 X 

S9 X(!I 

SDA X 

NE9 Xl?I 

NE9 X 

NW9A xm 

NW9 X 

N9 X 

S9A xm xi•> 

S9A xm 

S9A X 

S9A xm 
S9A xm 

S9A xn1 

S9A X 

SE0A X 

SE9 X 

SE9 X 

SE9 X 

SE9 X 

'-,,I 
f'r1911 1 of 4 

----~' l'ataJlu1tlif.r_M1wit1J.lillf-.. _,,, ___ _ 
(ll11u/i11e) ((!1111rlerM {A11111111/) 

.. 

X X X 

X x11• 
I 

X XII) 

X x,1, 

X x(I> 

X 

X 
-

X X'" 
X xn• 
X x111 

X x"' 



wc11 r n. Stat11r 

MW-504-2-2 E 

MW-509-3-2 E 

MW-511-3 E I I 

MW-512-3 E 

MW-529-2-1 E 

MW-529-2-2 E 

MW-529-3 E 

MW-530-3 E 

MW-530-3 E 

'' 
MW-539-3-2 E 

MW-540-3-1 E 

MW-5,J0-3-2 E 

MW-542-3 E 

MW-546-2-1 E 

MW-550 E 

MW-552-68 E 

MW-554-53 E 

MW-557-59 E 

MW-558-56 E 

MW-567-50 E 

cnAIHl:.J(OJ 

TABLE 3 

AQUIFER J MONITORING SUMMARY 

SMDA SITES 9 AND OA 

MACOMB COUNTY, MICIIIGAN 

I.oc11tlf/1t lD1trLLrrrullt!ultl!c/uc 
(Q1111rlerly) (Co11t/111ww) 

SE9 X 

NW9 xm 
i.1 l 
1 1 I N9 X 

N9 X 

S9A xni 

S9A xm 
S9A xm 
E9 

N9 X 

E9 X 

E9 X 

E9 X 

WO xo, 
S9 X 

ED X 

NE9A X 

NW9A X 

E9A X 

W9A X 

SE9A xm 

Pt1no 2 of '1 

____ __.L'ula .. Q1wli1J'...ilfl!llilt![illC.._11
' ___ _ 

(ll11IL'li11e) (rl 11111u,J) 

X x(.l) 

X 

X 

X 

X X 

X XU) X 

X X'jl X 

. 
X 

X X 

J 



cnA 11-1n 101 

Well I. D. Stut11r 

MW-567-8 E 

MW-571-68 E 

MW-572-33 E I 11 

MW-572- 114 E 

MW-577-61 E 

MW-578-68 E 

MW-579-62 E 

MW-580-115 E 

MW-581-52 E 

MW-582-41 r:· 
9708-3111 N 

9709-3111 N 

0711 N 

9712 N 

MW-508-f1-2' 11 N 

MW-590-R-3111 N 

S-16-3 or RS-16-4 E 

!'Joie: 

j i 
I' 

TABLE 3 

AQUIFER 3 MONITORING SUMMARY 
SMDA SITES 9 AND 9A 

MACOMB COUNTY, MICHIGAN 

/_ Ol'II (I"'' ma rc.l.&1'.C Lill !W i {{![ /11 C 
(Q11arlerM (Co111/111w11.,') 

SEDA xo> 

C9 x1•1 

SOA X(l) 

S9A Xlll 

C9A X 

C9 X 

CD X 

S9 xn> 

S9 X 

S9 X 

E9 X 

SE9 X 

SDA X 

S9A X 

S1:9 X 

E9 X 

S9A 

111 - Dependent lo lhe S11r11lemenlal Plwne Delinealion results. 

____ __.. [a tCLflll {t/ il!'-11 l t!ll I { l!f ill r_ _' '' __ _ 

(Jlm·e/i11e) ((!1111rlerM 

X 

X 

X, X X 

X X X 

X X X 

X X X 

X x"' X 

X xrs1 X 

X X''•I 

rn - Waler levels lo be monitored weekly for Ille first 4 weeks and monthly for the nexl 5 monlhs. 



CnA I HI) (ll) 

TABLE 3 

AQUIFER 3 MONITORING SUMMARY 
SMOA SITES 9 ANO 9A 

MACOMB COUNTY, MICHIGAN 

ll'e/11. n. Sto/11\· /.ocalio11 lfo!t:Lln.c.LMi!llill!rlllt: ----~Lfllt'.LQllllfill~fl!.llili!Ci!I.C...._l'_' __ _ 
(Quarterly) (Co11t/11110tH) (ll1m.•li11e) ((}1111rter~I') 

Pl - After the first year only sample depth with highest contaminant level. 
111 

- Continuous water level monitorino will be performed using electronic transducers pro9ramrned to record at 

daily inlervals. Oala will be downloaded each q11arler. 
(I) - After initial baseline event detkr~~ine one well lo be samrled from MW-5'10-3-1. MW-5'10-3-2, MW~59fl-R2, 
and MW590-R3 ciuarlerly. Sample Ille rest annually 
161 

- Samrte one Decock irrioation well annually d11rin9 irrigation season (well to be determined prior lo initial 

baseline event). 

111 - Tile initial Baseline monitoring and Quarterly moniloring for the first year will include TCL VOCs, TAL 

metals, and oeneral chemistry (soclium, rotassium, ma9nesium, calcium, bicarbonate, carbonate, chloride, 
s11lfate, BOD, COD, TOS, nitrates, and ammonia). Re911lar Baseline, Annual, and Quarterly monilorin9 shall 
incl11de TCL VOCs and T AL Metals. After the firsl year, an assessmenl will be performed lo determine which 
aeneral chemistry 6aramelers lo conlin11e analyzing for during f111t1re events and on which wells. 
St{l/11\·- E=cxis1i11i; well, N=nc\v well 10 he i11s1alkd 

l.nw1in11 -location of well willl resrecl lo Siles Dor DA (N=norlh, S =soulh, E=easl, W=wesl, C=cenlral) 

(.-1111111,,/) 



) 

Appendix B - Figure (Attachment C for 7/9/99 Agreement) 
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) 

) 

1 of7 

1 

DE€1 
Environm~ntal iaapcnse Civision 

MDi:Q Home EKO at a glance Oraanizational Structurs '.::molovee Listing 
Search t~e =?D site 

GROUNDWATER: RESIDENTIAL AND INDUSTRIAL-C 
PART 201 GENERIC CLEANUP CRITERIA AND SCREE 

Developed under the authority of the 
NATURAL RESOURCES AND ENVIRONMENTAL PROTECTION ACT, 199 

Groundwater criteria were calculated using currently available chemical-specific data and U.S. Environmental 
change for the next annual revision of the criteria tables. All criteria are expressed in units of parts per billion (ppb; 

for example, 2 x 106 is reported as 2.0E+6. For comparison to the criteria, groundwater samples should be rep 
contaminant plume. Samples should be collected using a low flow protocol that minimizes turbidity caused by dist 

the samples should be conducted (see Op Memos #18 for details). Please refer to Op Memo #6 for recom 

Guidesheet Number #1 #2 #3 #4 # 

Residential & Indus 
Residential Industrial & Groundwater Commercial I Com 

Chemical & Commercial Surface Groundwater II, Ill 
Abstract Commercial II, Ill & IV Water Volatilization Groun 
Service I Drinking Drinking Interface to Indoor Air Volatili 
Number Water Water Criteria Inhalation to Ind 

Criteria Crnteria Criteria lnhal 
Crit 

PHYSICAL PARAMETERS 
Dissolved oxygen (DO) NA NA {AE} NA N 
Phosphorus NA NA {AE} · NA N 
Total dissolved solids (TDS) 5.0E+5 {E} 5.0E+5 {E} {AE} NA N 

HAZARDOUS SUBSTANCES 
BTEX + MTBE 

Benzene {I} 71432 5.0 {A} 5.0 {A} 200 {X} 5,600 36, 
Ethylbenzene {I} 100414 74 {E} 74 {E} 18 1.7E+5 {S} 1.7E 
Methyl-tert-butyl ether (MTBE) 1634044 40 {E} 40 {E} 730 {X} 4.7E+7 {S} 4.7E 
Toluene {I} 108883 790 {E} 790 {E} 140 5.3E+5 {S} 5.3E 
Xylenes {I} 1330207 

·-
280 {E} 280 {E} 35 1.9E+5 {S} 1.9E 

VOLATILES ~- - ~ 

Acetone {I} 67641 730 2,100 1,700 1.0E+9 {D,S} 1.0E+ 
JAcrolem {I} 1107028 I 120 ,330 I 

NA 2,100 4,2 
Acrylonitrile {I} 107131 2.6 11 4.9 {X} 34,000 1.9 
Benzyl chloride 100447 7.7 32 NA 12,000 77, 
Bromobenzene {I} 108861 18 50 NA 1.8E+5 3.9 
Bromodichloromethane 75274 100 {A,W} 100 {A,W} ID 4,800 38, 
Bromoform 75252 100 {A,W} 100 {A,W} ID 4.8E+5 3.1 E 
Bromomethane 74839 ./ro 29 35 4,000 9,0 
n-Butanol {I} 71363 950 2,700 NA NLV N , 

2-Butanone (MEK) {I} 78933 13,000 I 38,000 I 2,200 2.4E+8 {S} 2.4E 
n-Butyl acetate J123864 550 1,600 NA 6.7E+6 {S} 6.7E 
t-Butyl alcohol 75650 3,900 11,000 i NA I 1.0E+9{D,S} 11.0E+ 
n-Butylbenzene 1104?18 80 230 I NA ID I 

sec-Butylbenzene 135988 80 I 230 NA ID I I 

tert-Butylbenzene {I} j98066 80 230 NA ID I 

Carbon disulfide {l,R} !75150 800 2,300 ID 2.5E+5 I 5.5 

3/28/01 2:52 PM 



Sec§ 6-00 

Carbon tetrachloride 156235 
Chlorobenzene {I} 108907 
1-Chloro-1, 1-difluoroethane 75683 
Chloroethane 75003 
2-Chloroethyl vinyl ether 110758 
Chloroform 67663 
Chloromethane {I} 74873 
o-Chlorotoluene {I} 95498 
Dibromochloromethane 124481 
Dibromochloropropane 96128 
Dibromomethane 74953 
Dichlorodifluoromethane 75718 
1, 1-Dichloroethane 75343 
1,2-Dichloroethane {I} 107062 
1, 1-Dichloroethylene {I} 75354 
cis-1,2-Dichloroethylene 156592 
trans-1,2-Dichloroethylene 156605 
1,2-Dichloropropane {I} 78875 
1,3-Dichloropropene 542756 
Diethyl ether 60297 
Diisopropyl ether 108203 
Dimethylformamide {I} 68122 
Dimethylsulfoxide 67685 
1,4-Dioxane {I} 123911 
Epichlorohydrin {I} 106898 
Ethanol {I} 64175 
Ethyl acetate {I} 141786 
Ethylene dibromide 106934 
n-Heptane 142825 
n-Hexane 110543 
2-Hexanone 591786 
lsobutyl alcohol {I} 78831 
lsopropyl alcohol {I} 67630 
lsopropyl benzene 98828 
Methane 74828 
Methanol j67~6-1 
I4-Methyl-2-pentanone (MIBK) {I} j108101 
Methylene chloride 75092 
Pentane 109660 
2-Pentene {I} 109682 
,Propyl alcohol {I} 71238 
n-Propylbenzene {I} 103651 

Styrene 100425 
1, 1, 1,2-Tetrachloroethane 630206 
1, 1,2,2-Tetrachloroethane 79345 

Tetrachloroethylene 127184 

Tetrahydrofuran 109999 
11, 1, 1-Tnchloroethane !71556 
j1, 1 ,2-Trichloroethane 

') !Trichloroethylene 
j79005 
j790·16 
j75694 ITrichlorofluoromethane 

I 

11 ,2,3-Trichloropropane 196184 
! 1, 1,2-Trichloro-1,2,2-trifluomethane j76131 

2 of 7 
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I 
I 

5.0 {A} 
100 {A} 
15,000 

430 
ID 

100 {A,W} 
260 
150 

100 {A,W} 
0.2 {A} 

80 
1,700 
880 

5.0 {A} 
7.0 {A} 
70 {A} 
100 {A} 
5.0 {A} 

21 
10 {E,M} 

30 
700 

2.2E+5 
85 

5.0 {M} 
1.9E+6 
6,600 

1.0 {A,M} 
2,700 {S} 

3,000 
1,000 
2,300 
470 
800 
ID 

3,700 
1,800 
5.0 {A} 

ID 
ID 

1,400 
80 

100 {A} 
77 
8.5 

5.0 {A} 
95 

200 {A} 
5.0 {A} 
5.0 {A} 
2,600 

I 

I 

I 

I 

I 
I 

I 42 I 
I 1.7E+5 {S} j 

5.0 {A} 
100 {A} 
44,000 
1,700 

ID 
100 {A,W} 

1,100 
420 

100 {A,W} 
0.2 {A} 

230 
4,800 
2,500 
5.0 {A} 
7.0 {A} 
70 {A} 
100 {A} 
5.0 {A} 

63 
10 {E,M} 

86 
2,000 

6.3E+5 
350 
6.0 

3.8E+6 
19,000 

1.0 {A,M} 
2,700 {S} 

8,600 
2,900 
6,700 
1,300 
2,300 

ID 
10;000 
5,200 
5.0 {A} 
. ID 

ID 
4,000 
230 

100 {A} 
320 
35 

5.0 {A} 
270 

200 {A} 
5.0 {A} 
5.0 {A} 
7,300 
120 

1.7E+5 {S} 

l 
I 
I 

45 {X} 
47 
NA 
ID 
NA 

170 {X} 
ID 
NA 
ID 
NA 
NA 
ID 
ID 

360 {X} 
65 {X} 

ID 
ID 

290 {X} 
NA 
ID 
NA 
NA 

1.9E+5 
2,800 {X} 

NA 
IP 
NA 

1.0 {M} 
NA 
NA 
NA 
NA 
NA 
ID 
ID 

480 
ID 

940 {X} 
NA 
NA 
NA 
ID 
80 
NA 

78 {X} 
45 {X} 

11,000 {X} 
200 

330 {X} 
200 {X} 

NA 
NA 
NA 

370 I 2,4 
2.1 E+5 4.7E 

3.9E+6 {S} 3.9E 
5.7E+6 {S} 5.7E 

ID I 
28,000 1.8 
8,600 52, 

3.7E+5 {S} 3.7E 
15,000 1.1 

1,200 {S} 1,20 
ID I 

2.2E+5 3.0E 
1.0E+6 2.3 
9,600 59, 
200 1,3 

96,000 2.2 
85,000 2.0 
16,000 36, 

2.0 1 
6.1E+7 {S} 6.1E 

ID I 
NLV N 
NLV N 
NLV N 

3.2E+5 6.3 
NLV N 

6.4E+7 {S} 6.4E 
2,400 15, 

2,700 {S} 2,70 
12,000 {S} 12,00 

4.2E+6 8.8 
7.6E+7 {S} 7.6E 

NLV N 
56,000 {S} 56,00 

{K} { 

2.5E+6 6.0 
j 2.0E+ 7 {S} I 2.0E 

2.2E+5 
38,000 {S} 

ID 
NLV 
ID 

1.7E+5 
15,000 
12,000 
25,000 
6.9E+6 

j 6.6E+5 

1 17,000 
I 15,000 

1.1 E+6 {S} 

l ID 
J 1.7E+5{S} 

1.4 
38,00 

I 
N 
I 

3.1 E 
96, 
77, 
1.7 
1.6 

I 1.3E 
I 1.1 
I 97, 
I 1.1 E 

I 
j 1.7E 

3/28/01 2:52 PM 
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Triethanolamine 102716 3,700 10,000 NA NLV N 
2,2,4-Trimethyl pentane 540841 ID ID NA ID I 
2,4,4-Trimethyl-2-pentene {I} 107404 ID ID NA ID I 
1,2,4-Trimethylbenzene {I} 95636 63 {E} 63 {E} ID 56,000 {S} 56,00 
1,3,5-Trimethylbenzene {I} 108678 72 {E} 72 {E} ID 61,000 {S} 61,00 
Vinyl acetate {I} 108054 640 1,800 NA 4.1 E+6 8.9 
Vinyl chloride 75014 2.0 {A} 2.0 {A} 15 110 6 

INORGANICS 
Aluminum {B} 7429905 SOM 50 {V} NA NLV N 
Antimony 7440360 6.0 {A} 6.0 {A} ID NLV N 
Arsenic {8} 7440382 50 {A} 50 {A} 150 {X} NLV N 
Barium 7440393 2,000 {A} 2,000 {A} {GiX} NLV N 
Beryllium 7440417 4.0 {A} 4.0 {A} {G} NLV N 
Boron {8} 7440428 500 {F} 500 {F} 1,900 NLV N 
Cadmium {B} 7440439 5.0 {A} 5.0 {A} {G,X} NLV N 
Chromium (Ill) {B,H} 16065831 100 {A} 100 {A} {G,X} NLV N 
Chromium (VI) 18540299 100 {A} 100 {A} 11 NLV N 
Cobalt 7440484 40 100 100 NLV N 
Copper 7440508 1,000 {E} 1,000 {E} {G}.- NLV N 
Iron {B} 7439896 300 {E} 300 {E} NA NLV N 
Lead 7439921 4.0 {L} 4.0 {L} {G,X} NLV N 
Lithium {B} 7439932 170 350 25 NLV N 
Magnesium {8} 7439954 4.0E+5 1.1 E+6 NA NLV N 
Manganese {B} 7439965 50 {E) 50 {E} {G,X} NLV N 
Mercury (Inorganic) 7439976 2.0 {A} 2.0 {A} 1.3E-3 {Z} NLV N 
Molybdenum {B} 7439987 37 100 800 {X} I NLV I N 
Nickel {B} 7440020 100 {A} 100 {A} {G} NLV N 
Selenium {8} 7782492 50 {A} 50 {A} 5.0 NLV N 
Silver {B} 7440224 34 98 0.2 {M} NLV N 
Sodium 17341252 1.2E+5 3.5E+5 NA NLV I N 
Strontium {B} 7440246 4,600 13,000 760 NLV N 
Thallium {B} 7440280 2.0 {A} 2.0 {A} 3.7 {X} NLV N 
Vanadium 7440622 4.5 62 12 NLV N 
White phosphorus {R} 12185103 0.11 0.31 NA NLV N 
Zinc {8} 7440666 2,400 5,000 {E} {G} NLV N 

PAHs ·- -·- - . 

!Acenaphthene j83329 1,300 3,800 19 j 4,200 {S} I 4,20 
Acenaphthylene 208968 52 150 ID 3,900 {S} 3,90 

Anthracene 120127 43 {S} 43 {S} ID I 43 {S} I 43 

Benzo(a)anthracene {Q} 56553 2.1 8.5 NA NLV N 

Benzo(b)fluoranthene {Q} 205992 2.0 {M} 2.0 {M} 1 ID I NLV I N 

Benzo(k)fluoranthene {Q} 207089 5.0 {M} 5.0 {M} I NA NLV N 

Benzo(g, h, i)perylene 191242 5.0 {M} 
I 

5.0 {M} I NA NLV N 

Benzo(a)pyrene {Q} 50328 5.0 {A,M} I 5.0 {A,M} I ID NLV N 
lbeta-Chloronaphthalene 191587 I 1,800 I 5,200 I NA ID I 

1Chrysene {Q} j218019 5.0 {M} 5.0 {M} ID ID 

jDibenzo(a,h)anthracene {Q} j53703 5.Q {M} 5.0 {M} ID NLV N 

IDibenzofuran 1132649 ID ID 4.0 ID 

Fluoranthene ]206440 210 {S} 210 {S} I 1.6 1 210 {S} I 210 

Fluorene j86737 880 2,000 {S} I 12 I 2,000 {S} l 2,00 

lndeno(1,2,3-cd)pyrene {Q} j193395 5.0 {M} 5.0 {M} I ID I NLV I N 
2-Methylnaphthalene j91576 260 I 750 I ID I ID I I 
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Naphthalene 191203 I 520 I 1,500 13 I 31,000 {S} l 31,00 
Phenanthrene 85018 52 150 5.0 {M} 1,000 {S} 1,00 
Pyrene 129000 140 {S} 140 {S} ID I 140 {S} 140 

SEMIVOLA TILES 
Acetonitrile 75058 140 400 NA 2.4E+7 4.5 
Acetophenone 98862 1,500 4,400 NA 6.1 E+6 {S} 6.1E 
Acrylamide 79061 0.3 1.2 NA NLV N 
Acrylic acid 79107 3,900 11,000 NA 1.2E+ 7 2.8 
Aniline 62533 53 220 20 {M} NLV N 
Azobenzene 103333 23 94 NA 6,400 {S} 6,40 
Benzidine 92875 0.3 {M} 0.3 {M} ID NLV N 
Benzoic acid 65850 32,000 92,000 NA NLV N 
Benzyl alcohol 100516 10,000 29,000 I NA NLV N 
bis(2-Chloroethoxy)ethane 112265 ID ID NA NLV N 
bis(2-Chloroethyl)ether {I} 111444 2.0 8.3 NA I 38,000 2.1 
Camphene {I} 79925 ID ID NA ID I 
Caprolactam 105602 5,800 17,000 NA NLV N 
Carbazole 86748 85 350 10 {M} NLV N 
Decabromodiphenyl ether 1163195 30 {S} 30 {S} NA 30 {S} 30 
Di(2-ethylhexyl) adipate 103231 400 {A} 400 {A} NA NLV N 
Diacetone alcohol {I} 123422 ID ID NA NLV N 
1,2-Dichlorobenzene 95501 600 {A} 600 {A} 16 1.6E+5 {S} 1.6E 
1,3-Dichlorobenzene 541731 6.6 19 I 38 ID I 
1,4-Dichlorobenzene 106467 75 {A} 75 {A} I 13 16,000 74,00 
3, 3'-Dichlorobenzidine 91941 1.1 4.3 0.3 {M,X} NLV N 

.. 
l2,6-D1chloro-4-n1troarnhne 199309 2,200 6,300 NA NLV N 
!Diisopropylamine {I} 1108189 5.6 16 NA ID 
Dimethyl phthalate 131113 73,000 2.1 E+5 I NA I NLV N 
N, N-Dimethy lacetamide 127195 180 520 4,100 {X} NLV N 
N, N-Dimethylaniline 121697 16 46 NA 2.4E+5 1.3E 

2,4-Dinitrotoluene 121142 7.7 32 NA NLV N 
1-Formylpiperidine 2591868 80 230 NA ID I 

Gentian violet 548629 15 63 NA NLV N 

Hexabromobenzene 87821 10 {M} 10 {M} ID ID I 

Hexachlorobenzene (C-66) 118741 1.0 {A} 1.0 {A} ID 440 3,0 

Hexachlorobutadiene (C-46) 87.683 15 42 0.053 1,600 3,20 

alpha-Hexachlorocyclohexane 319846 0.43 1.7 NA 2,000 {S} 2,00 

\beta-Hexachlorocyclohexane \319857 0.88 3.6 NA NLV N 

IHexachlorocyclopentadiene (C-56) j77474 50 {A} 50 {A} ID ID 

Hexachloroethane 67721 7.3 21 6.7 {X} 27,000 50,00 

lsophorone 78591 770 3,100 570 {X} NLV N 

2-Methoxyethanol {I} 109864 7.3 21 NA NLV N 

I N-Methyl-morpholine {I} 109024 20 56 NA NLV N 

Methylcyclopentane {I} 96377 ID ID NA ID I 

4,4'-Methylene-bis-2-chloroaniline 101144 1.1 4.5 NA NLV N 
(MBOCA) 

Nitrobenzene {I} 98953 3.4 9.6 180 {X} 2.1 E+6 {S} 2.1 E 

n-N itroso-d i-n-propy lamine 621647 5.0 {M} 5.0 {M} NA NLV N 

N-Nitrosodiphenylamine . 86306 270 1,100 I NA I NLV I N 

!Oxo-hexyl acetate . j88230357 73 210 I NA I ID I I 

I Pentach lorobenzene J608935 6.1 17 NA ID 

I Pentach loron itrobenzene 182688 32 {S} 32 {S} NA 32 {S} 32 

!Piperidine 1110894 3.2 9.2 NA NLV N 
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Propionic acid 179094 12,000 35,000 I ID I NLV N 
Pyridine {I} 110861 7.3 21 NA 5,500 12, 
1,2,4,5-Tetrachlorobenzene 95943 1,300 {S} 1,300 {S} 2.9 {X} ID I 
p-Toluidine 106490 15 62 NA NLV N 
Tributylamine 102829 10 29 ID 14,000 75,00 
1,2,4-Trichlorobenzene 120821 70 {A} 70 {A} 30 3.0E+5 {S} 3.0E 
Triphenyl phosphate 115866 1,200 1,400 {S} NA NLV N 
tris(2,3-Dibromopropyl)phosphate 126727 0.71 2.9 NA 4,700 {S} 4,70 

PCBs 
Polychlorinated biphenyls (PCBs) 1336363 0.5 {A} 0.5 {A} 0.2 {M} 45 {S} 45 {J,T} 

PHTHALATES 
bis(2-Ethylhexyl)phthalate 117817 6.0 {A} 6.0 {A} 32 NLV N 
Butyl benzyl phthalate 85687 1,200 2,700 {S} 14 {X} NLV N 
Di-n-butyl phthalate 84742 880 2,500 9.7 NLV N 
Di-n-octyl phthalate 117840 130 380 ID NLV N 
Dicyclohexyl phthalate 84617 ID ID NA ID I 
Diethyl phthalate 84662 5,500 16,000 NA NLV N 
Phthalic acid 88993 14,000 40,000 NA NLV N 
Phthalic anhydride 85449 15,000 44,000 NA NLV N 

PESTICIDES 
Alachlor 15972608 2.0 {A} 2.0 {A} 11 {X} NLV N 
Aldrin 309002 0.098 0.4 NA 180 {S} 180 
Atrazine 1912249 3.0 {A} 3.0 {A} 7.3 {X} NLV N 
Chlordane {J} 57749 2.0 {A} 2.0 {A} IP 56 {S} 56 
Chlorpyrifos 2921882 22 63 NA 2.9 6. 
Cyanazine 21725462 10 {M} 10 {M} 56 {X} NLV N 
Dacthal 1861321 73 210 NA NLV N 
4-4'-DDD 72548 9.1 37 NA NLV N 
4-4'-DDE 72559 4.3 15 NA ID I 

4-4'-DDT 50293 3.6 10 0.02 {M} NLV N 
Diazinon 333415 1.3 3.8 NA NLV N 
Dichlorovos 62737 1.6 6.7 NA NLV N 
Dieldrin 60571 0.11 0.43 0.02 {M} 200 {S} 200 

Dinoseb 88857 7.0 {A} 7.0 {A} NA ID I 
Diuron 330541 31 90 NA NLV N .. -
Endosulfan { J} 115297 1.7 4.8 NA I ID I 
Endothall 145733 100 {A} 100 {A} NA I NLV N 

!Endnn !72208 2.0 {A} 2.0 {A} IP NLV N 

!Heptachlor l76448 0.4 {A} 0.4 {A} NA 180 {S} 180 

!Heptachlor epoxide 1024573 0.2 {A} 0.2 {A} NA NLV N 

Lindane 58899 0.2 {A} 0.2 {A} 0.027 ID 

IMethoxychlor !72435 40 {A} 40 {A} NA ID 

Methyl parathion 298000 1.8 5.2 NA NLV N 
Metolachlor 51218452 240 990 NA NLV N 

Mirex 2385855 0.02 {M} 0.02 {M} NA NA N 

Pendimethalin 40487421 280 {S} 280 {S} NA NLV N 
Prometon 1610180 160 460 NA NLV N 

Propachlor 1918167 95 270 NA NLV N 

Propazine 139402 200 560 I NA j NLV I N 

!S1mazine 1122349 1 4.0 {A} 4.0 {A} NA NLV N 

jTebuthiuron j34014181 j 510 1,500 NA NLV N 

jToxaphene J80013s2 1 3.0 {A} 3.0 {A} 1.0 {M} NLV N 
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Triallate 12303175 95 I 270 l NA I ID I I 
PESTICIDES-HERBICIDES I 

Aldicarb 116063 3.0 {A} 3.0 {A} NA I NLV N 
Aldicarb sulfoxide 1646873 4.0 {A} 4.0 {A} NA I NLV N 
Aldicarb sulfone 1646884 2.0 {A} 2.0 {A} NA NLV N 
Carbary! 63252 700 2,000 NA ID I 
Carbofuran 1563662 40 {A} 40 {A} NA NLV N 
Dalapon 75990 200 {A} 200 {A} NA NLV N 
2,4-Dichlorophenoxyacetic acid 94757 70 {A} 70 {A} 220 NLV N 
Diquat 85007 20 {A} 20 {A} NA NLV N 

Glyphosate 1071836 700 {A} 700 {A} NA NLV N 

2-Methy I-4-chlorophenoxyacetic 94746 7.3 21 NA NLV N acid 
Oxamyl 23135220 200 {A} 200 {A} NA NLV N 
Picloram 1918021 500 {A} 500 {A} NA NLV N 
Silvex (2,4,5-TP) 93721 50 {A} 50 {A} I NA NLV N 
Trifluralin 1582098 37 110 NA ID I 

DIOXINS 
2,3, 7 ,8-Tetrabromodibenzo-p-dioxin 50585416 {O} {O} {O} NLV N {O} 
2,3, 7,8-Tetrachlorodibenzo-p-dioxin 1746016 3.0E-5 {A} 3.0E-5 {A} 1.0E-5 {M} NLV N {O} 

PHENOLS 
4-Chloro-3-methylphenol 59507 150 420 NA NLV N 
2-Chlorophenol 95578 45 130 22 ID I 
2,4-Dichlorophenol 120832 73 210 19 NLV N 
2,4-Dimethylphenol 105679 370 1,000 380 NLV N 
2,6-Dimethylphenol 576261 4.4 13 I NA NLV N 
3,4-Dimethy I phenol 95658 10 29 NA NLV N 
2-Methyl-4,6-dinitrophenol 534521 20 {M} 20 {M} NA NLV N 
Methylphenols (J) 1319773 370 1,000 71 NLV N 
2-Nitrophenol 88755 20 58 ID NLV N 
Pentach lorophenol 87865 1.0 {A} 1.0 {A} {G,X} NLV N 
Phenol 108952 4,400 13,000 210 NLV N 
2,4,5-Trichlorophenol 95954 730 2,100 NA NLV N 
2,4,6-Trichlorophenol 88062 120 470 4.4 NLV I N 
3-Trifluoromethyl-4-nitrophenol 88302 4,500 13,000 I NA NLV N 

MISCELLANEOUS I I 
!Ammonia j7664417 10,000 {N} 10,000 {N} {AC} I 3.2E+6 7.2 

Asbestos {AB} 1332214 7.0E+6 f/ml 7.0E+6 f/ml j NA NLV N 
{A} {A} 

Chloride 16887006 2.5E+5 {E} 2.5E+5 {E} 1.25E+5 {X} NLV N 

Cyanide {R} 157125 200 {A} 200 {A} I 20 {M} NLV N 

Fluorine (soluble fluoride) {B} 17782414 2,000 {E} 2,000 {E} I NA NLV I N 

Nitrate {B, N} 114797558 10,000 {A,N} 10,000 {A,N} I NA NLV N 

Nitrite {B, N} 114797650 1,000 {A,N} 1,000 {A,N} I NA NLV N 

Phosphorus (total) 7723140 63,000 2.4E+5 I NA NLV I N 

Sulfate ]14808798 2.5E+5 {E} 2.5E+5 {E} I NA I NLV I N 

Urea 157136 ID {N} I ID {N} I NA NLV I N 

·'\ j PBBs I I 
!Polybrominated biphenyls {J} j67774327l 0.032 0.09 . IP NLV N 

I GLYCOLS I I 
IDiethylene glycol monobutyl ether J 112345 I 88 250 NA NLV N 
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Ethylene glycol 1107211 15,000 I 42,000 l 1.9E+5 {X} l NLV N 

1 
Ethylene glycol monobutyl ether 111762 3,700 10,000 I NA 2.9E+6 6.5 
Propylene glycol 57556 1.5E+5 4.2E+5 NA NLV N 
Triethylene glycol 112276 10,000 {M} 12,000 NA NLV N 

CARBONYLS 
Acetaldehyde {I} 75070 950 2,700 NA 1.1 E+6 2.3 
Cyclohexanone 108941 33,000 94,000 NA 1,400 3,3 
Formaldehyde 50000 1,300 3,800 120 63,000 3.6 

LOW MOLECULAR WEIGHT 
ACID 

Acetic acid 64197 18,000 {M} 18,000 {M} 18,000 {M} NLV N 
Formic acid {l,U} 64186 18,000 {M} 29,000 ID 7.7E+6 1.5 

) 

) 
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1.0 Introduction 

This Contingency Plan for the Macomb County Landfill Properties 9 and 9 A is intended 
to augment the Property's Remedial Action Plan (RAP). Should the results of the 
Performance Monitoring Plan (PMP) indicate that the RAP is not achieving the results 
required by the PMP within the time frame established by the PMP, applicable provisions 
of the Contingency Plan will be implemented as required. In addition to ensuring that the 
provisions of the PMP are met, this Contingency Plan also provides guidelines for the 
management of unforeseen circumstances such as: 

• The encountering of waste during construction 
• Existing soil cover that does not meet the design thickness 
• The inflow of groundwater into the landfill from a lower aquifer 
• Excessive landfill gas 

The goals of the PMP that are to be ensured by the Contingency Plan are within the 
parameters of the regulatory requirements of Part 201 of the NREP A. It is also 
consistent with the requirements of the "Stipulated Order Accepting and Assuming 
Jurisdiction over Settlement Agreement", by the Circuit Court for the County Of 
Macomb, dated July 9, 1999. By providing for additional remediation effort in addition 
to the RAP, the Contingency Plan will ensure that the legal and regulatory requirements 
of the PMP are met. 

Engineering and construction of the remedial systems are discussed in the RAP. The 
Contingency Plan provides for additional engineering and construction of remedial 
systems needed to ensure that the requirements of the PMP are met and that unforeseen 
events are properly managed. The PMP is specific to the operation, maintenance and 
monitoring of the remedial action measures. The Contingency Plan does not address 
safety issues or responses to safety incidents such as fire, explosion or injury. Safety 
issues are described in the attached Site Health and Safety Plan (HASP). 

This Contingency Plan describes adjustment(s) to field operations or system redesigns 
that will be taken in response to a remediation contingency. Report requirements, 
documentation, sampling frequencies and other administrative tasks are described in 
more detail in the PMP. 

To the extent that any of the contingencies identified in this plan are not sufficient, or 
situations arise that are not covered in this Contingency Plan, a Corrective Action Plan 
(CAP) will be submitted to MDEQ, as necessary, in accordance with Section 5.19 of the 
Consent Decree. 

2.0 Summary 

Within the time frame of the remediation system's operation the following PMP goals 
will be achieved: 
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• Reaching and maintaining water quality standards in groundwater, 
• Certifying hydraulic control of the leachate within the landfill, and 
• Confirming chemical containment of the leachate plume. 

The final remediation goal is to achieve and maintain generic residential standards in the 
groundwater at all points in the aquifer beyond the property. Upon achievement of such a 
goal, it is anticipated the Property will be deleted from the National Priorities List (NPL). 

The tasks involved in achieving Property remediation in accordance with the PMP are as 
follows: 

1. Establish background monitoring wells (including new wells) up gradient from 
the Property. Once background wells are established, perform background 
sampling to determine appropriate analysis parameters. Should sampling 
results indicate that a background well has been impacted by the Property, a 
new background well location will be determined. 

2. Determine geographical extent of water quality exceedance in local drinking 
water wells. Monitor the drinking water wells to determine effectiveness of 
the RAP on water quality parameters. 

3. Install up to six piezometers with transducers to measure groundwater levels 
east of Property 9 (existing monitoring wells can be used). Measure 
groundwater head elevations (adjusted for seasonal variations) as required by 
the PMP in existing wells and new piezometers to determine if hydraulic 
control has been achieved. 

4. Analyze groundwater monitoring well samples as required by the PMP to 
determine if chemical containment is being achieved. 

5. Determine rate of dewatering and estimate time to completion of dewatering 
and establishment of steady state conditions. 

6. Periodically review and adjust RAP systems while operating and maintaining 
the system components. 

7. Achieve and maintain capture of the contaminant plumes. 
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3.0 Waste Encountered during Construction 

The RAP is designed to minimize the potential for encountering waste during 
construction operations. Trenching for the groundwater interceptors and the leachate 
collectors is to occur outside the limits of waste. Excavation and regrading should be 
confined to the existing final cover soil layer. However, should construction activities 
such as excavation, trenching and regrading result in the exposure or removal of 
deposited waste, the following will occur: 

1. Excavated waste will be stockpiled immediately adjacent to the working area. 
If necessary the waste stockpile will be covered with a temporary tarp, soil or 
spray emulsion at the end of the workday. 

2. Exposed waste will be kept undisturbed as much as possible. If necessary the 
exposed waste will be covered with a temporary tarp, soil or spray emulsion at 
the end of the workday. 

3. Both stockpiled and exposed waste will be protected so as to prevent leachate 
run-off discharges into surrounding areas. 

4. As much as possible, stockpiled waste will be back filled into its original 
location. Should other back fill material displace the waste volume in its 
original location, the excess waste will be deposited on-site after stripping of 
cover to ensure waste to waste contact, and grades will be reconfigured to 
allow ·placement of waste and to ensure that a minimum 24-inch final cover 
soil layer is constructed over the deposited waste. 

5. Should significant quantities of waste be exposed, the incident will be 
reported to MDEQ. 

6. Should the exposed waste contain significant quantities of potential airborne 
particulates, the frequency of air monitoring will be increased to daily until 
the waste is no longer exposed. 

4.0 Insufficient Final Cover Thickness 

We will check all areas in an approximate 200-foot grid. The RAP's designed property 
regrading will result in both cut and fill operations confined primarily to this existing 
final soil cover layer. As construction progresses, completed areas will be checked at a 
200-foot grid interval using hand excavation or other acceptable means to ensure that a 
minimum 24 inches of existing final cover soil remains. 

Should additional cover soil be required, it will be constructed in controlled compacted 
lifts in accordance with the RAP. The additional cover soil will be of sufficient thickness 
to ensure that a minimum total thickness ( existing plus additional) of 24 inches is 
achieved. 
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5.0 Groundwater Inflow due to Static Pressure Head 

HELP model analyses performed for the RAP (refer to Attachment III) shows a 
significant reduction in leachate head (greater than 2 feet accounting for seasonal 
fluctuations), generation rates and percolation into lower aquifers once the remediation 
systems have achieved steady state. Available hydrogeological information suggests that 
Aquifer 2 underlying the landfill may contain groundwater subject to significant static 
pressure heads. Once the remediation effort has drawn down the amount of leachate 
within the landfill to negligible head elevations, it is possible that this underlying 
groundwater could flow upwards into the landfill. 

Should measurements of leachate head elevations show an increase in water levels within 
the landfill after an initial decrease in leachate head levels, a groundwater extraction well 
will be installed at the highest point of the groundwater mound. This extraction well will 
extend down through the landfill into Aquifer 2 so as to ensure that the resultant draw 
down curve maintains isolation between the landfill bottom and groundwater. The status 
of this groundwater and its subsequent pretreatment and disposal methods will be 
determined based on the· results of field analyses. 

6.0 Short Circuiting of the Groundwater Interceptor 

The groundwater interceptors to be installed along the western, northern and northeastern 
boundaries of Property9 and along the northern and western boundaries of Property9 A 
may be augmented by an impermeable geomembrane barrier. This geomembrane is to be 
installed oetween the groundwater interceptor and the landfill waste and will be'• keyed 
into an underlying soil layer of relatively low permeability. It is intended to isolate the 
groundwater interceptor from landfill leachate. 

However, available hyrogeological information suggests that a significant leachate 
mound exists at the northern limits of the boundary between Site's 9 and 9A. Therefore, 
until dewatering is completed and steady state achieved within the landfill, there is the 
potential for leachate driven by the head built-up in the mound to migrate under the 
geomembrane and into the groundwater interceptor. 

Should this occur, as determined by higher than anticipated levels of contaminants in the 
groundwater samples ( as determined by established statistical methods), an additional 
leachate extraction well will be installed at this location just inside the limits of waste. 
The location and depth of the leachate extraction well will be determined by field 
conditions. The status of this leachate and its subsequent pretreatment and disposal 
methods will be determined based on the results of field analyses. 

7 .0 Operational Contingency 

Typical leachate and groundwater extraction rates will be set at approximately 50% to 
70% of the maximum allowable total discharge ( approximately 194,000 gallons per day 
according to the Macomb County Engineer's sewer discharge limits) for all permitted 
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means of leachate and groundwater pretreatment and disposal ( sanitary sewer, surface 
water, and other). This will ensure that discharge capacity is available should increased 
leachate and groundwater extraction rates by required to achieve water quality standards, 
hydraulic control or chemical containment. 

8.0 Landfill Gas Contingency 

Though both landfills are well past their peak gas production stages, enough landfill gas 
(LPG) may still be generating at both Properties to require a management system. LPG 
monitoring will assess the need for a landfill gas management system. Should LPG 
monitoring indicate that LPG migration is a problem, a LPG management system will be 
installed after the construction of the final cover soil layer. The primary focus of this 
management system will be to prevent the off-property migration of landfill gas into 
surrounding properties. 

The monitoring plan and contingencies triggers will ensure compliance with the Part 115, 
Solid Waste Management, of the Natural Resources and Environmental Protection Act, 
1994 PA 451, as amended rules, in particular R 299.4433, Type II landfill operation; 
explosive gas control and monitoring. In accordance with this rule, the concentration of 
methane gas generated by the facility will not be more than 25 percent of the lower 
explosive limit for methane in facility structures, and not more than the lower explosive 
limit at or beyond the facility property boundary. 10 percent of the lower explosive limit 
at the property boundary will be the action level that triggers a landfill gas contingency. 
The time frames for responding to landfill gas contingencies will conform to those listed 
in Rule R 299.4433: 

• Immediately take all steps necessary to ensure protection of human health. 
• Immediately notify the director. 
• Within seven days, place records of the recorded methane levels in the operating 

record. 
• Within sixty days, implement a remediation plan. 

9.0 Air Quality and Odor Contingency 

SMDA will perform construction dust control. The equipment available to limit dust 
production include: 

• Water wagons 
• Water trucks 
• And/or sprinkler systems 

The site supervisor and Health Safety Officer (HSO) will document visual observations 
and direct dust suppression efforts. The site supervisor and HSO have the authority to 
shut down operations if dust becomes a concern. 

Page 7 



If uncovering the waste causes odors that violate Rule 901 of Air Quality rules, then 
SMDA shall immediately control the emissions using clean fill or foam. SMDA shall 
have available on site, the equipment for foam cover or clean fill for this purpose. 
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ROBERT J. SEIBERT 

LAWRENCE W. OLOSKI 

CHRISTINE 0. ANDERSON 

COLLEEN P. o'coN NOR 

October 11, 2001 

Roger K. Timm 
Dykema Gossett 

LAW OF"F"ICES 

SEIBERT AND DLOSKI 
Pl'tOf'CSSIONAL LIMITED LIAISILITY COMPANY 

202 VICANT BUILDING 

59 NORTH WALNUT STREET 

MOUNT CLEMENS, MICHIGAN 48043 

400 Renaissance Center 
Detroit, Michigan 48243-1668 

Re: Bielat, et al v SMDA, et al 

Dear Mr. Timm, 

TELEPHONE 

(810) 469-3800 

f"ACSIMILE 

(810) 469-2443 

Enclosed please find a true copy of the Stipulated Order Regarding Deep Injection Well 
Remediation for Sites 9 and 9A, regarding the above-referenced matter. 

Best regards, 

SEIBERT AND DLOSKI 
Professional Limited Liability Company 

Lawrence W. Dloski 
LWD/smr 
Encl. 
cc: Macomb Township 

Mark Mather 
David Kline 
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STATE OF MICHIGAN 

IN THE CIRCUIT COURT FOR THE COUNTY OF MACOMB 

EDWARD BIELAT, et al., 

Plaintiffs, 

-vs-

SOUTH MACOI\1B DISPOSAL AUTHORITY, 
a Michigan municipal entity, 

Defendant. __________________ / 

No. 84-612-AA 
Consolidated with 
Case No. 85-3476-AA 

HON: MICHAELD. SCHWARTZ 

STIPULATED ORDER REGARDING 
DEEP INJECTION WELL REMEDIATION 

FOR SITES 9 AND 9A 

Pursuant to the Stipulation set forth below, IT IS ORDERED: 

1. For so long as Macomb Township ("Township") has in effect a sanitary sewer that 

allows Petro Environmental Technologies, Inc. ("Petro"), the South Macomb Disposal Authority 

("SMDA") and/or the agents and/or successors of either to discharge into the Township's sewer 

system collected leachate and groundwater from the vicinity of Sites 9 and 9A, at a maximum 

discharge rate of 0.2 CFS, unless the discharge occurs during non-peak hours that can be 

monitored by the Township, no Deep Injection Well ("DIW") will be installed or utilized as part 

of the remediation of Sites 9 and 9A; nor will Petro, SMDA, or the agents or successors of either 

seek to install or utilize a DIW on either Site 9 or Site 9A or on any property owned or controlled 

by either of them, located in Macomb Township. 



2. Petro, SMDA, and/or the agents and/or successors of either shall abide by DWSD 

) and Township's effluent limit criteria or the Township shall have the right to discontinue the 

sanitary sewer connection until such time as the effluent limits can be met. 

3. Petro, SMDA and/or the agents and/or successors of either shall obtain all 

necessary reviews, approvals and permits from the Township for connection to the Township's 

sanitary sewer and any structure(s) proposed for remediation of Sites 9 and 9A. 

4. The provision of this order shall be included in the restrictive covenants for 

SMDA Sites 9 and 9A and filed with the Macomb County Register of Deeds. 

5. This order does not resolve all issues between the pclrties. . \J\\J\AN Q 
~N10N\0 P. · 

l'cJ.~6~.!~L°o~fi§t51~gJ4~~TZ 
Circuit Court Judge 

OCT 11 2001 
A TRUE COPY 

STIPULATION CARMELLA SABAUGH. COUNTY CLERK 

~.!Jl,:tt 
Macomb Township, South Macomb Disposal Authority and !P,e~ronmental Court Clerk 

Technologies, Inc. stipulate to the entry of the above Stipulated Order Regarding Deep Well 

Remediation for Sites 9 and 9 A. 

MACOMB TOWNSHIP 

2 

SOUTH MACOMB DISPOSAL 
AUTHORITY 

Dated: 



DETOI\ 282879.1 
ID\ RKT 

3 



·ftlJ~~, 
1 < 

)·1-;,~,.,,ca,.~• 
©[§ll~~ 

NOV 1 0 2001 

Macomb County 
Public Works Commissioner 
Anthony V. Marrocco 

) 

November 6, 2001 

Mr. Daniel P. Duffy, P.E. 
Petro Environmental Technologies 
7851 Palace Drive 
Cincinnati, OH 45249 

RE: Macomb Township Landfill: South Macomb Disposal Authority 
DWSD Industrial Discharge Permit 
Approval by Macomb County Wastewater Disposal District (MCWWDD) 

Dear Mr. Duffy: 

This office has received your letter dated 10/25/01 and approval by the MCVVVVDD is 
hereby given based upon letters received and your DWSD permit application. Specific 
conditions for this approval include: 

1. No discharge when rain is predicted.or occurring until the Garfield Interceptor 
is completed. Current schedule is October, 2002. 

2. Maximum rate of discharge of 0.2 cfs (90 gals/min) between 
5:00 a.m. and 9:00 p.m. - Day 

3. Maximum rate of discharge of 0.5 cfs (225 gals/min) between 
9:00 p.m. and 5:00 a.m. - Night 

4. Estimated rate of discharge after 2 to 3 years (by 1/04) of 0.0015 cfs 
(.09 gals/min or 1,000 gals/day). 

This office reserves the right to impose other restrictions, via our contract with Macomb 
Township, if this discharge becomes deleterious to the MCVVVVDD interceptors. 

Office Location: 115 S. Groesbeck• Mt. Clemens, Michigan (2 Miles North of Metro Parkway)• Phone: 810-469-5325 • Fax: 810-469-5933 
Mailing Address: P.O. Box 806 •Mt.Clemens, Michigan 48046-0806 

Engineering Phone: 810-469-5910 • Fax: 810-469-7693 • Soil Erosion Phone: 810-469-5327 • Fax: 810-307-8264 



Mr. Daniel P. Duffy, P.E. 
November 6, 2001 
Page 2 

Also, regarding item 1, it is your responsibility to monitor weather conditions. Enclosed 
is information for the National Weather Service for your consideration. 

Sincerely, ~ 8~ 
Kenneth Bonin, P. E. 
Chief Engineer 

Enclosure 

cc: Thomas Eapen, DWSD Industrial Discharge 
Dave Koss, Macomb Township Sewer & Water Superintendent 

KB/lb-MCWWDDDuffy.let 



J..1./!a::J/!aJ. J.t::::iar LHHt-'HIUN t-'UMI-' ~IRTION ➔ 85864697693 
ND.680 GJ01 r .. :•:;~ I ~~:~r~ l l~19W-~rf~i_f:y I ~'Pif@~i~~ ( $-.~!fl~~ I ~w I I 

You searched for NATIONAL+WEATHER SERVICE, 

-~ 

!:<J.ycaUon & Career 
~ 
Ein.ruJ.OO 
~~ 
Horoellfe 
R.S!furenc:e 
S.~WllOS 
~ 

Special Note: overture is pla.clng public service links at the top of th.e 
listings at NO cost to the charities .. 

Quick Hit'"' Result: The official site for Nation;al Weat~r Bureau 

1. We..atber EguJoment frqm We@therToots 
Weather Stations and equipment from Davis, Peet Bros and Oregon 
Scientific. Weather Instruments and P.C. weather softWare. 
www.weathertoo/s.com (Cost to advertiser: 10.02) 

.Er.ee.alitv Free Local Weather on Task B~r 
Link to free download - local temperature on your task bar. Free local and 
U.S. forecasts. Complete news and weather site. 
www.freeality.com (Cost to adveltlser: 19.J!!) 

3. Weather=Alert Rqdios, Information Link~ 
Weather warning radios and instruments for hurricane, tornado, and other 
severe weather automatic alert and forecasting systems with links to most 
government weather sites. 
www.hurrfcane-eye.com (Cost to advertiser: $..QA!) 

4. Interactive Weather Information Network 
NEW ANIMATION-->Try out the new ANIMATED IWIN - {High Speed Users) 
Active Warnings: Flood, Special Marine, Non PrecipitationThis page will 
"REFRESH" Itself every 60 seconds to keep you up to dateCheck out our 
stats page! Active Warnings: Flood Alaska 
iwin,nws.noaa.gov 

5. National Oceanic & AtmospberJc A.dmlnls.,tration 
Highlights the NOAA program information, the environmental data services, 
and the library for students( teachers and researchers. 
www.noaa,gov 

.6, Natlonc)I Weather Service - San Francisco Bay Area 
National Weather Service forecasts and warnings for the San Francisco Bay 
Area and Californta Central Coast 
www.nws.mbay.net 

7. rtatlonal Weather Service Forecast Qffice LQS Angeles/O~nard 
Click on an area to get the current forecast as well as a listing of current 
observations, watches, warnings and. advisories in that area. Zones that are 
colored in Indicate areas where a eurrent warntng, advisory, or other state 
www.nwsla.noaa.gov 

~ NWS Internet Weathe.r. Source 
V Government Internet Service Home page. The starting point for official 

governemnt weather forecasts, warning, and meteorologicat products for ~;:~~!~:~~:::;:ather. ,vPd ·f)~/2-. aoq~ , 5av 



LHH~HIUN ~UM~ ~IHllON ➔ 85864697693 

. . ............. ; ,. 

~ -"~.----... 
United States Weather 

U.S. and State Maps - Graphical selection (usesjavasoript) 

- or -
[ select a ~ iii • -Twrt selection (WebTV users, please use this option) 

Weather conditions for the past 24 hours~ forecasts, watches·, 
and warnings for the United States. 

Marine Weather 
Marine forecasts and outlooks for U.S. Coastal areas and 
Great Lakes. Offshore and high seas forecasts for the 
Atlantic, Pacific, and Gulf of Mexico. · 

Radar Graphics . 
Local and National radar products from the U.S. National 
Weather Service, including the latest images and animations 
for your area. · 

Weather Maps 
Facsimile (fax) charts produced by the U.S. National Weather 
Setvice . 

. .lernational Weather Conditions 
Weather conditions for the past 24 hours.world-wide. 

Aviation Weather 
Current conditions in MET AR code form. Forecasts in TAF 
code form. Access to observations produced during the 
previous 24 hours. 

http://weather.noaa.gov/lndex.html • Last updated: 26 June 2001 

NO.680 Gl02 



LHHt-'HIUN r'UMr' ::ilRIION ➔ 85864697693 

Forecasts, watches, warnings, and the most recently observed 
weather conditions for locations throughout Michigan are available 
here. Select from the lists below to get weather information for an 
area or location. 

Current weather conditions ~-

lse1ect a locatlon ·-· .... "••·-·--~-~r-"--~---·••"-·-•-ooo0•' ... _ ---·-···· ... .I • 
Forecasts, watches and warnings ~ ... 

f ~~~~~~~_or ~t~J3 .: 

Go to another state 

) 
~~ .. ~-~-~. ____ ,,_tfil.. 

' • .' • • v', • ',, , ,: .,;, ~ :,: \t ',. ".J': I I'-•,, , • ,', •, ,' '•, • • , :~ , • • I , I '• • • •' ! • • i •, ,• 

http://weather.noaa.govANeather/Ml_cc_us.html - Last updated: Friday, February 11, 2000 

) 

NO.680 Gl03 



11/05/ldl CHH~RTON PUMP STATION ➔ 85864697693 NO.680 Q04 

Jin Page Current Weather Conditions 

Current 
Selfridge Air National Guard Base, Ml, United States 

Conditions (KMTC} 42.37N 082-S0W 

- in the United Conditions at [Nov os, 2001 - 08: 56 AM_ EST .B 
States 

2001.11.05 1356 UTC 
-world wide 

Wind from the NW (320 degrees} at 10 MPH (9 KT) 

Forecasts Visibility 10 mile(s) 

Sky conditions mostly cloudy 
Watc!hes and Temperature 39 F (4 C) 
Wamings Dew Point 30 F (~1 C) 

Coded 
Relative 69% 

Observations Humidity 
Pressure 30.37 in. Hg (1028 hPa) 

FAQ 
(altimeter) 

ob KMTC 0513562 32009KT 10SM FEW035 BKN150 04/M01 A3037 
RMK SLP291 8/570 9/260 

Gaossary 
24 Hour Summary 

) 

Time Temperature Dew Point Pressure Wind 
Weather 

EST (UTC) F (C) F (C) Inches (hPa) MPH 
latest 9 AM (14) Nov 05 39 (4) 30 (-1) 30.37 (1028) NW10 

8 AM (13) Nov 05 33 (1) 28 (-2) 30.35 (1027) WNWB 
7 AM (12) Nov 05 32 (0) 26 (-3) 30.34 {1027) WNW8 
6 AM (11} Nov 05 32 (0) 26 (·3) 30.33 (1027) WNW6 
5 AM (10) Nov 05 32 (0) 26 (-3) 30 .32 ( 1026) WB 
4 AM (9) Nov 05 33 (1) 28 (-3) 30.31 (1026) W6 
3 AM (8) Nov 05 33 (1) 26 (-3) 30.29 (1025) NW6 
2 AM (7) Nov 05 35 (2) 26 (-3) 30.29 (1025) NW8 
1 AM (6) Nov 05 37 (3) 26 (-3} 30.29 (1025) WNW8 
Midnight (5) Nov 05 39 (4) 26 (-3) 30.29 (1025) NNW11 
11 PM (4) Nov 04 42 (6) 28 (-2} 30.27 (1025} NNW13 
10 PM (3) Nov 04 42 (6) 28 {-2) 30,25 (1024} NW12 
9 PM (2) Nov 04 46 (8) 26 (-3) 30.25 (1024) N\/v 13 
8 PM (1) Nov 04 48 (9) 23 (•5) 30.23 (1023) NW12 
7 PM (0) Nov 04 44 (7) 26 (w3) 30.21 (1023) WNW8 
6 PM (23) Nov 04 50 (10) 23 (-5) 30.19 (1022) NW10 
5 PM (22) Nov 04 50 (10) 26 (-3) 30.17 {1021) WNW12 
4 PM (21) Nov 04 55 (13) 26 (-3) 30.16 (1021) NNW13 
3 PM (20) Nov 04 57 (14) 24 (-4) 30.14 (1020) NNW16 

) 2 PM (19) Nov 04 59 (15) .?} (-2) 30.13 (1020) NW14 
,/ 

1 PM (16) Nov 04 58 (15) ,•,::/ ·Jf{-j.) 30.12 (1019) WNW10 
Noon ( 17} Nov 04 59 (15) .: . • ! --~ .. Ji) 30.14 (1020) NW11 

••• •t • .:·' 
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PETRO 
environmental 

· technologies 

April 20, 2001 

Ms. Delores Sanders-Hunter 
City of Detroit 
Water and Sewerage Department 
Industrial Waste Control Division 
303 S. Livernois Avenue 
Detroit, Michigan 48209 

RE: Macomb County Landfill Sites 9 and 9A 
Industrial Discharge Permit Application 

Dear Ms. Sanders-Hunter, 

Letter #007 

This letter is in response to your fax of January 19, 2001 listing the remaJlllllg 
documentation required for the issuance of an Industrial Discharge Permit for the 
leachate extracted from the Macomb County Landfill Sites 9 and 9A. Since receipt of 
your fax, Petro Environmental has made an exhaustive study of potential pretreatment 
technologies for reducing BOD to below 10,000 ppm. This documentation is provided as 
described below with each item in your list followed by applicable information: . 

• Proposed water discharges (leachate) estimate (gpd) 

As described in our letter to you dated April 4, 2001 and our letter to Mr. Thomas Eapon 
of the Detroit MSD dated April 6, 2001, the proposed leachate discharge rate has .been 
revised to 400,000 gpd. Though "Section F" of our initial permit application described 
this flow as continuous, field .. conditions may make this difficult to achieve. Batch 
discharges are possible. --~-=-

• Description of proposed pretreatment system 

As described in our letter of January 25, 2001, the only leachate constituent that needs to 
be addressed by a pretreatment system is the elevated BOD. There are no other 
constituents of concern in the leachate, and BOD is the sole parameter that has to be 
reduced prior to discharge. BOD must be below 10,000 ppm to allow discharge to the 
sanitary sewer. 

Petro Environmental has had additional laboratory tests performed on grab samples of the 
leachate and contaminated groundwater to determine their individual and composite BOD 
levels. The four grab samples are from the areas that will contribute to the remediation 
water collection system. The results are as follows: 

7851 Palace OriVE: • CincinnaH. Ohio L.JS2L.J9 • SB.L.J89.6789 • Fax LJ89.7208 
8200 Seville Road • Lodi, Ohio L.lll2Sll • 330.9L.J8. ILJ9Ll • Fax 9Ll8.1933 



) 
Groundwater Sample #1 
Groundwater Sample #2 
Groundwater Sample #3 
Leachate Sample 
Composite Sample 

BOD5 

ND 
ND 
ND 

2L_800-ppm 
7,660-ppm 

The composite sample consisted of equal parts of the four grab samples (three parts 
groundwater to one part leachate). This composite models the anticipated flows to the 
sanitary sewer (see Attachment I, BOD Test Results). Based on the composite results, 
we will be able to directly discharge the remediation water. 

The pretreatment system will consist of a portable :fract tank with a minimum capacity of 
12,000 gallons. The tank will be equipped with a floater switch system. The first floater 
switch will allow collected groundwater to fill the tank to a volume of 9,000 gallons. 
Once that level has been achieved, the first floater •switch will tum off the groundwater 
flow and start the leachate flow into the tank. Leachate flow will continue until 3,000 
gallons of leachate are stored in the tank. These flow volumes will ensure a three parts 
groundwater to one part leachate composite mixture. At that time a second floater switch 
will tum off the leachate inflow and begin discharge of the groundwater/leachate mixture 
to· the sanitary sewer. Once the tank is drained, the process begins again with initial 
groundwater inflow. 

• Proposed sampling location(s) description (diagrams with measurements). 

The fract tank will also be equipped with a sampling port on its discharge line: The tank 
will be located on-site in the southwest comer of Site 9, immediately adjacent to the 
sanitary sewer manhole that will receive the composite discharge. The manhole is 
attached to a 24" sanitary sewer designated as node #BS on the Broughton North Service 
District. The sanitary sewer has a rated flow capacity of 4.60 cubic feet per second, or 
2,973,000 gpd. It connects to a down gradient sanitary sewer line with a flow capacity of 
14.34 cubic feet per second._ The proposed 400,000 gpd discharge from the site is 
equivalent to only 13% oftfie sewer's flow capacity. 

A plan drawing of the site indicating sampling locations is provided in Attachment II, 
System Plan Drawing. 

• Copy of proposed plant layout (pretreatment) area(s), sewer lines showing 
connections to the sampling location(s) and the city sewer system 

The plan drawing provided in Attachment II also shows the pretreatment system layout 
including sewer lines, connections to the sampling locations and the city sewer system. 

• Copy of proposed process flow (leachate) diagram for wastewater 

) A process flow diagram is provided in Attachment III, Process Flow Diagram. 



) 

_) 

• Xerox copy of the latest waste manifests for solid and liquid waste (1 month of 
manifests) 

There are no solid wastes r_emoved _from the site, only liquid waste (landfill leachate) is 
hauled form the site to a local wastewater treatment plant. Our permit application. 
submitted on November 9, 2000 included a copy of the liquid waste manifests for August 
2000. This was a representative month for leachate extraction and disposal. Manifests 
for other months are available upon request. 

• How long has leachate been hauled away? 

According to sources at the South Macomb Disposal Authority, leachate extraction and 
hauling has been performed since 1983. 

• Date the sampling location and pretreatment system will be completed? 

Under the current construction schedule, installation of the leachate collection, 
pretreatment and discharge systems will begin in May/June 2001. Completion of this 
effort is expected by September/October 2001. 

If you have. any questions or comments, please contact us at (513) 489-6789. ·Weare at 
your convenience and look forward to your response. 

Respectfully yours, 
Petro Environmental Technologies, Inc. 

WJfLJ~ 
Daniel P. Duffy, PE r (¼ 
Cc: Mark S. Mather 

Mr. Cleveland Clark, Detroit MSD 
Ms. Ahlam Kamash, Detroit MSD 
Mr. Thomas Eapon, Detroit MSD 
File 

Attachments: I 
II 
III 

BOD Test Results 
System Plan Drawing 
Process Flow Diagram 
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EOP 0100e 

STATE OF MICHIGAN 

JOHN ENGLER, Governor . 

DEPARTMENT OF ENVIRONMENTAL QUALITY 

Mr. Mark S. Mather 

•setter Service for a Better Environment• 
HOLLISTER BUILDING, PO BOX 30473, LANSING Ml 48909-7973 

INTERNET: www.deq.state.mi.us 

RUSSELL J. HARDING, Director· 

March 20, 2001 

Petro Environmental Technologies, Inc. 
7851 Palace Drive 
Cincinnati, Ohio 45249 

Dear Mr. Mather: 

REPLY TO: 

SURFACE WATER QUALITY DIVISION 
KNAPPS CENTRE 
PO BOX 30273 
LANSING Ml 48909-m3 

SUBJECT: National Pollutant Discharge Elimination System (NPDES) Permit No. MI0056430 
Macomb Co Landfill-9 & 9A 

We have determined the probable water quality-based and treatment technology based limits for the 
proposed discharge based on the monitoring data you submitted. The probable effluent limits are attached 
The proposed treatment must be determined before we can proceed because without it the application is 
incomplete and we cannot process it further without the following information. 

Please provide a flow diagram showing the wastewater flow through the facility including all treatment 
units, processes and bypass piping, and a narrative description of the water flow through the facility from 
intake to discharge. Show all operations contributing wastewater and the locations of flow meters, 
chemical feeds and discharge points. The water balance shall show daily average flow rates at intake and 
discharge points and approximate daily flow rates between treatment units including influent and 
treatment rates. The line diagram shall include all operations contributing wastewater including storm 
water runoff. Please send this information to me with a complementary copy to the Southeast Michigan 
District Office, Department of Environmental Quality (DEQ) of the Surface Water Quality Division 
(SWQD) located at 38980 Seven Mile Road, Livonia, Michigan 48152-1006. 

kl/na 
Attachment 

I ~- -- • 

Sincerely, 

Karen Lauterbach 
Permits Section 
Surface Water Quality Division 
517-373-1326 
email: lauterbk@state.mi.us 

cc: Mr. Daniel Duffey, P.E., Petro Environmental Technologies, Inc. 
Southeast Michigan District Office, SWQD, DEQ 
File 



Mr. Mark S. Mather 
Page2 
March 20, 2001 

Parameter 

Flow 

Maximum Limits for 
Ouantitv or Loading 

Monthlv Dailv Units 

(report) (report) MGD 

V ✓-
Maximum Limits for 

Oualitv or Concentration 
Monthlv !t!.lly Units 

\ Frequency · Sample 
I of Analvsis Tvpe 
I 
! 

Daily Report Total 
Daily Flow 

Chlorobenzene 0.012 ···---·-- - ········ · 1bs/day · -· --:---47 ____ . ·-·..:_:· -~- ...;,__W-ee..,..kl~y--Grao" 

Chloroform 0.025 lbs/day . 10 µg/1 Weekly Grab 
E.th =::!...Y:.:.lb:..:e=nz=e:::.ne::..-________ 0.=0--'45"'--_____ 1::.::.b.::;;.s/.;;.;da=y- _18 ___ ,, ___ -· ________ µg/1 ___ . Weekly Grab 

1richloroethylene 0.013 lbs/day 5.0 µg/1 ·weekly--G-rab 
Vinyl Chloride 0.013 lbs/day 5.0 µg/1 Weekly Grab 
Xylene 0.088 lbs/day 35 µg/1 We~.r_ Grab 

Total Arsenic 0.38 1.7 lbs/day 150 680 µg/1 Weekly 24-Hr Composite 
Total Beryllium 0.035 lbs/day 14 µg/1 Weekly 24-Hr Composite 
Total Cadmium 0.020 0.095 lbs/day 7.8 38 µg/1 Weekly 24-Hr Composite 
Total Copper 0.060 0.19 lbs/day 24 77 µg/1 Weekly 24-Hr Composite 
Total Lead 0.25 4.3 lbs/day 98 1,700 µg/1 Weekly 24-Hr Composite 
Total Nickel ___.::0..:...4.:...::5 _____ 8;;.:.:.3::;___~lb:..:;s/;_,:da:.;;;;y_,._ 180 3,300 µg/1 Weekly 24-Hr Composite 
Total Barium 2.3 lbs/day 910 µg/1 Weekly 24-Hr Composite 
Total Manganese 2.4 10 lbs/day 970 4,200 µg/1 Weekly 24-Hr Composite 

} Total Zinc . 1.1 2.8 lbs/day 450 890 I Lg/I Weekly 24-Hr Composite 
Total Chromium 0.50 lbs/day 200 µg/1 Weekly 24-Hr Composite 
Total Mercury 33 x 10~ lbs/day 1.3 ng/1 Monthly 24-Hr Composite 
Total Antimony (report) · lbs/day (report) Monthly 24-Hr Composite 
Bromodic oromet ane ay 5.0 µg/1 Month y Gra 
1,1 Dichloroethylene (report) lbs/day (report) µg/1 Monthly Grab 
Methyl Ethyl Ketone 0.25 lbs/day ___ .1,9,Q._~---- µg/l Monthly Grab 
Acetone 0.63 lbs/day 250 µg/1 Monthly Grab 
Dibromochloromethane 0.013 lbs/day 5.0 µg/1 Monthly Grab 

_T~o:!!.luwe;..unu;..e ________ --..u.O~uO'...J...13..1_ __ -==---2.!:lb_s/..cl',\Y- 5.0 l:':g/1 Monthly Grab 
Total Cobalt (report) lbs/day i (report) µg/1 Monthly 24-Hr Composite 
Total Suspended Solids 50 75 lbs/day I\ 20 30 mg/1 Weekly 24-Hr Composite 



_ _) 

Mr. Mark S. Mather 
Page 3 
March 20, 2001 

a. Quantification Level for Total Antimony, Bromodichloromethane, 1,1 Dichloroethylene, Methyl Ethyl 
Ketone, Acetone, Dibromocholromethane, Toluene, and Total Cobalt 
The quantification level shall be as follows unless a higher level is appropriate because of sample matrix 
interference. 

Parameter Quantification Units 
Level 

Total Antimony 10 µg/1 
Chlorobenzene 1.0 µg/1 
Chloroform 1.0 µg/1 
Ethylbenzene 1.0 µg/1 
Tricholorethylene 1.0 µg/1 
Vinyl Chloride 1.0 µg/1 
Xylene 3.0 µg/1 
Bromodichloromethane 5.0 µg/1 
1, 1 Dichloroethylene 10 µg/1 
Methyl Ethyl Ketone 50 µg/1 
Acetone 100 µg/1 
Dibromochloromethane 5.0 µg/1 
Toluene 5.0 µg/1 
Total Cobalt 50 µg/1 

b. Total Mercury Testing Requirements 
The analytical protocol for total mercury shall be in accordance with EPA Method 1631. The 
quantification level for total mercury shall be 0.5 ng/1, unless a higher level is appropriate because of 
sample matrix interference. Justification for higher quantification levels shall be submitted to the Southeast 
Michigan District Supervisor of the Surface Water Quality Division. 

The use of clean technique sampling procedures is strongly recommended. Guidance for clean technique 
sampling is contained in: EPA Method 1669, Sampling Ambient Water for Trace Metals at EPA Water 
Quality Criteria Levels (Sampling Guidance), EP A-821-R96-001, July 1996. Information and data 
documenting the permittee's sampling and analytical protocols and data acceptability shall be submitted to 
the Department upon reque~~ -
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Operations and Maintenance Plan 
(Revision #5) 

for 

SOUTH MACOMB DISPOSAL AUTHORITY 
LANDFILLS 9 AND 9A 

By 
Petro Environmental Technologies, Inc. 

February 2002 



SMDA Landfill Sites 9 and 9A 
Operations and Maintenance Plan 

Table of Contents 

1.0 Introduction .................................................................................................................................... 3 
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3 .0 Groundwater Interception System Operation and Maintenance ..................................................... 5 
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1.0 Introduction 

The following operations and maintenance plans are presented in outline format to 
illustrate the main requirements of these plans. These plans cover the operation and 
maintenance of the following Property remediation systems: final cover and vegetation, 
surface water run-off management, golf course management, groundwater interception, 
groundwater monitoring, leachate collection, leachate monitoring, landfill gas 
management, landfill gas monitoring, Property security and signage, deep injection well 
and pre-treatment, sanitary sewer discharge and pre-treatment, surface water discharge 
and pre-treatment. 

Various manufacturers' information brochures describing the operation and maintenance 
requirements of their products are attached for reference. These are preliminary 
representations only, and the actual products, mechanicals, and fixtures used in the field 
may differ from those presented. 

Updates to the plan will be prepared upon: (1) completion of the additional design 
elements; (2) completion of construction; (3) when significant modifications are made to 
the remediation system; and (4) every five years, or as otherwise appropriate. Once the 
actual components of the system are determined, the manufacturers written information 
regarding the operation and maintenance for these components will be attached to the 
plan. The structures, facilities and equipment associated with the NPDES discharge, 
sanitary sewer discharge, or deep injection well discharge will be operated and 
maintained in accordance with their respective permits as well as manufacturer's 
recommendations. 

Records of the inspections and maintenance activities will be kept in a file or log book at 
the facility. A list of inspection and maintenance activities will be finalized and attached 
to this plan upon final determination of the mechanical components of the systems in 
question. Sample inspection forms, sample maintenance records and samples of any 
other records to be kept on-Property will also be finalized at this time in conformance 
with the requirements of the manufacturer and/or supplier. 

During monitoring well activities, if there is a correction measure needed, higher 
frequency inspections will be implemented. Trespassing inspection will then be 
performed weekly. Final cover and vegetation inspections will be done monthly. 

2.0 Final Cover and Vegetation Maintenance 

Staffing required: 

• Provide adequate maintenance staff to perform scheduled duties to maintain final 
cover and vegetation 

• Hire a seeding subcontractor as needed to reseed areas of poor vegetation 
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Soil Erosion Repair and Maintenance: 

■ Inspect cover soil in September, December, March, May, and July for gullies and 
erosion. Inspections will also be performed after a 25 year 24 hour rainfall event. 
This inspection schedule also applies to re-seeding, vegetative stress, tree and 
bush removal and maintenance of surface water collection channels. 

■ Place and compact fill soil in eroded areas in accordance with the applicable 
technical specifications 

■ Eroded areas are defined as those whose gullies are deeper than 50% of the final 
cover thickness 

■ Repairs are to be made, conditions permitting, within two weeks of inspections 
■ Reseed the areas of replacement fill soil in accordance with the applicable 

technical specifications 
■ Utilize temporary erosion controls (such as straw bales or silt fence) until 

vegetation is reestablished on replacement fill areas 
■ Vegetative stress requiring the installation of a landfill gas vent is defined as at 

least 50% dead vegetation over a contiguous area of ¼ acre. Smaller areas may 
also be considered for gas vent installation. 

Seeding and Reseeding: 

■ Apply seed, fertilizer and mulch in accordance with the applicable technical 
specifications 

■ Inspect final cover vegetation in September, December, March, May, and July, 
■ Designate areas of inadequate vegetative cover 
■ Small areas to by reseeding by hand 
■ Large areas to be disced and then reseeded in a the same way as the initial seeding 

Vegetative Stress due to Landfill Gas: 

■ Inspect final cover vegetation in September, December, March, May, and July 
■ Designate isolated areas of inadequate vegetative cover which are apparently due 

to methane distress 
■ Set a gas probe in the center of this distressed area to measure LFG concentrations 
■ Should LFG samples indicate high concentrations of methane (25% of the lower 

explosive limit), set a passive gas vent adjacent to the probe. Should such high 
concentrations of methane be detected near the perimeter of the waste, actions 
will be taken consistent with the contingency plan. 

■ Reseed area of vegetative stress 

Tree and Brush Removal: 

■ Inspect final cover quarterly for the first two years, semi-annually for the next two 
years and annually thereafter for tree saplings and bushes growing on the final 
cover 
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• Chop down and remove saplings and bushes growing within the limits of the final 
cover layer 

• Final cover vegetation to be mowed annually 

Surface Water Run-Off Collection Channels Maintenance: 

• Inspect surface water run-off collection channels quarterly for the first two years, 
semi-annually for the next two years and annually thereafter 

• Anticipate cleaning of surface water run-off collection channels every five years 

Sedimentation Control Structures Maintenance: 

• Inspect sedimentation structures and ponds annually 
• Anticipate cleaning of sedimentation structures and ponds every five years 

3.0 Groundwater Interception System Operation and Maintenance 

Staffing Required: 

• Provide adequate maintenance staff to perform scheduled duties to maintain and 
operate the groundwater interception system 

• Hire a mechanical, electrical or pumping subcontractor as needed to replace or 
repair components of the groundwater interception system 

Power Supply Operation and Maintenance: 

• Inspect the electrical power supply in accordance with the manufacturer's 
recommendation, but not less than quarterly during the first two years and semi
annually thereafter 

• Perform maintenance on electrical power supply annually 
• Anticipate replacement of electrical power connections every five years 

Electronic Controls Operation and Maintenance: 

• Inspect the electronic controls in accordance with the manufacturer's 
recommendation, but not less than quarterly during the first two years and semi
annually thereafter 

• Perform maintenance on electrical controls annually 
• Anticipate replacement of electrical controls every five years 

Pump Operation and Maintenance 

• Inspect the leachate extraction pumps in accordance with the manufacturer's 
recommendation, but not less than quarterly during the first two years and semi
annually thereafter 
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■ Anticipate pump replacement for each sump every five years 

Interceptor Pipe Cleanout: 

■ Inspect interceptor pipes in accordance with the manufacturer's recommendation, 
but not less than quarterly during the first two years and semi-annually thereafter 

■ Jet or flush interceptor pipes as needed to remove obstructions 
■ Jetting or flushing (or camera inspection) will be performed every four years or 

when clogging of the pipes results in a reduction of flow rate as indicated by 
increased head levels in wells adjacent to the pipes that is not accompanied by 
increased pipe flows. 

Maintenance of Force Mains, Valves, Sumps and Other Fixtures: 

■ Inspect force mains, valves, sumps and other fixtures in accordance with the 
manufacturer's recommendation, but not less than quarterly during the first two 
years and semi-annually thereafter 

■ Perform maintenance on force mains, valves, sumps and other fixtures semi 
annually 

■ Anticipate replacement of force mains, valves, sumps and other fixtures every 
five years 

Groundwater Monitoring Operation and Maintenance 

■ Perform groundwater monitoring in accordance with the PMP and other permits 
■ Inspect groundwater monitoring wells annually 
■ Perform closure of groundwater monitoring wells in accordance with the PMP 

4.0 Leachate Collection System Operation and Maintenance 

Staffing Required: 

■ Provide adequate maintenance staff to perform scheduled duties to maintain and 
operate the leachate collection system 

■ Hire a mechanical, electrical or pumping subcontractor as needed to replace or 
repair components of the leachate collection system 

Power Supply Operation and Maintenance: 

■ Inspect the electrical power supply in accordance with the manufacturer's 
recommendation, but not less than quarterly during the first two years and semi
annually thereafter 

■ Perform maintenance on electrical power supply annually 
■ Anticipate replacement of electrical power connections every five years 
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Electronic Controls Operation and Maintenance: 

• Inspect the electronic controls in accordance with the manufacturer's 
recommendation, but not less than quarterly during the first two years and semi
annually thereafter 

• Perform maintenance on electrical controls annually 
• Anticipate replacement of electrical controls every five years 

Pump Operation and Maintenance 

• Inspect the leachate extraction pumps in accordance with the manufacturer's 
recommendation, but not less than quarterly during the first two years and semi
annually thereafter 

• Anticipate pump replacement for each sump every five years 

Collector Pipe Cleanout: 

• Inspect collection pipes in accordance with the manufacturer's recommendation, 
but not less than quarterly during the first two years and semi-annually thereafter 

• Jet or flush collection pipes as needed to remove obstructions 
• Jetting or flushing (or camera inspection) will be performed every four years or 

when clogging of the pipes results in a reduction of flow rate as indicated by 
increased head levels in wells adjacent to the pipes that is not accompanjed by 
increased pipe flows. 

Maintenance of Force Mains, Valves, Sumps and Other Fixtures: 

• Inspect force mains, valves, sumps and other fixtures in accordance with the 
manufacturer's recommendation, but not less than quarterly during the first two 
years and semi-annually thereafter 

• Perform maintenance on force mains, valves, sumps and other fixtures semi 
annually 

• Anticipate replacement of force mains, valves, sumps and other fixtures every 
five years 

Leachate Monitoring Operation and Maintenance 

• Perform leachate monitoring in accordance with the PMP and other permits 
• Inspect leachate-monitoring wells with each sampling event 
• Perform closure of leachate monitoring wells in accordance with the PMP 

5.0 Landfill Gas System Operation and Maintenance 

Staffing Required: 

Page 7 



■ Provide adequate maintenance staff to perform scheduled duties to maintain the 
LFG management system 

■ Hire a piping subcontractor as needed to replace or repair LFG vents 

LFG Vent Maintenance 

■ Inspect LFG vents in accordance with the manufacturer's recommendation, but 
not less than quarterly during the first two years and semi-annually thereafter 

■ Anticipate replacing or repairing 10% of the LFG vents every five years 

LFG Monitoring Operation and Maintenance 

■ Perform LFG monitoring quarterly for the first five years, semi-annually 
thereafter 

■ LFG Probes will be monitored for Lower Explosive Limit (LEL) of methane. 
■ Inspect LFG probes in accordance with the manufacturer's recommendation, but 

not less than quarterly during the first two years and semi-annually thereafter 
■ Replace LFG probes as needed 

LFG Contingencies 

■ LEL readings in excess of 10% in perimeter gas probes or structures will trigger a 
landfill contingency, (see Contingency Plan) 

a Should a LFG contingency exist, additional gas vents will be installed or other 
actions taken, as necessary to meet the requirements of Rule R299.4433 and the 
Contingency Plan. 

6.0 Property Security and Marker Maintenance 

Staffing Required: 

■ Provide adequate maintenance staff to perform scheduled duties to maintain 
Property security and signage 

Marker Repair and Replacement: 

■ Inspect markers annually 
■ Anticipate replacing signs every five years 

Access Roadway Maintenance: 

■ Inspect access roads annually 
■ Anticipate repairing 10% of paved roadway surfaces annually 
■ Repair any pavement surface within 6 months of identifying damage. 
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7.0 Sanitary Sewer Discharge and Pre-Treatment System 

Staffing Required: 

■ Provide adequate maintenance staff to perform scheduled duties to maintain the 
sanitary sewer discharge and pre-treatment systems 

■ Hire a mechanical, electrical or pumping subcontractor as needed to repair the 
sanitary sewer discharge and pre-treatment systems 

Power Supply Operation and Maintenance: 

■ Inspect the electrical power supply in accordance with the manufacturer's 
recommendation, but not less than the permit requirements 

■ Perform maintenance on electrical power supply as needed 
■ Anticipate replacement of electrical power connections every five years 

Electronic Controls Operation and Maintenance: 

■ Inspect the electronic controls in accordance with the manufacturer's 
recommendation, but not less than the permit requirements 

■ Perform maintenance on electrical controls as needed 
■ Anticipate replacement of electrical controls every five years 

Pump Operation and Maintenance 

■ Inspect the leachate extraction pumps in accordance with the manufacturer's 
recommendation, but not less than the permit requirements 

■ Anticipate pump replacement for each sump every five years 

Mixing, Storage and Flocculent Tanks: 

■ Inspect all tanks in accordance with the manufacturer's recommendation, but not 
less than the permit requirements 

■ Clean out storage tanks semi-annually 
■ Cleanout mixing tanks semi-annually 
■ Remove flocculants from flocculent tanks as needed 
■ Anticipate replacement for each tank every five years 

Telemetry System 

■ Should a remote control telemetry system be utilized to operate the treatment and 
discharge system, the telemetry system will be inspected in accordance with the 
manufacturer's recommendation, but not less than the permit requirements 

Operations and Inspections 
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• The treatment and discharge systems will be operated in full compliance with 
applicable permits 

• Monitoring of discharge will be in full compliance with applicable permits and 
regulations 

• Reporting of the results of monitoring the treatment and discharge systems will be 
in full compliance with applicable permits and regulations 

• Copies of all reports will be sent to MDEQ ERD as well as the permitting agency 
• Discharge permits will be attached and be considered as part of the O&M Plan. 

8.0 Surlace Water (NPDES) Discharge and Pre-Treatment System 

Staffing Required: 

• Provide adequate maintenance staff to perform scheduled duties to maintain the 
surface water discharge and pre-treatment systems 

• Hire a mechanical, electrical or pumping subcontractor as needed to repair the 
surface water discharge and pre-treatment systems 

Power Supply Operation and Maintenance: 

• Inspect the electrical power supply in accordance with the manufacturer's 
recommendation, but not less than the permit requirements 

• Perform maintenance on electrical power supply as needed 
• Anticipate replacement of electrical power connections every five years 

Electronic Controls Operation and Maintenance: 

• Inspect the electronic controls in accordance with the manufacturer's 
recommendation, but not less than the permit requirements 

• Perform maintenance on electrical controls as needed 
• Anticipate replacement of electrical controls every five years 

Pump Operation and Maintenance 

• Inspect the leachate extraction pumps in accordance with the manufacturer's 
recommendation, but not less than the permit requirements 

• Anticipate pump replacement for each sump every five years 

Mixing, Storage and Flocculent Tanks: 

• Inspect all tanks in accordance with the manufacturer's recommendation, but not 
less than the permit requirements 

• Clean out storage tanks semi-annually 
• Cleanout mixing tanks semi-annually 
• Remove flocculants from flocculent tanks as needed 
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• Anticipate replacement for each tank every five years 

Telemetry System 

• Should a remote control telemetry system be utilized to operate the treatment and 
discharge system, the telemetry system will be inspected in accordance with the 
manufacturer's recommendation, but not less than the permit requirements 

Operations and Inspections 

• The treatment and discharge systems will be operated in full compliance with 
applicable permits 

• Monitoring of discharge will be in full compliance with applicable permits and 
regulations 

• Reporting of the results of monitoring the treatment and discharge systems will be 
in full compliance with applicable permits and regulations 

• Copies of all reports will be sent to MDEQ ERD as well as the permitting agency 
• Discharge permits will be attached and be considered as part of the O&M Plan. 

9.0 Groundwater Extraction Wells System 

Staffing Required: 

• Provide adequate maintenance staff to perfonn scheduled duties to maintain the 
groundwater well systems 

• Hire a mechanical, electrical or pumping subcontractor as needed to repair the 
groundwater well systems 

Power Supply Operation and Maintenance: 

• Inspect the electrical power supply in accordance with the manufacturer's 
recommendation, but not less than the permit requirements 

• Perform maintenance on electrical power supply as needed 
• Anticipate replacement of electrical power connections every five years 

Electronic Controls Operation and Maintenance: 

• Inspect the electronic controls in accordance with the manufacturer's 
recommendation but not less than the permit requirements 

• Perform maintenance on electrical controls as needed 
• Anticipate replacement of electrical controls every five years 

Pump Operation and Maintenance 

• Inspect the groundwater extraction pumps in accordance with the manufacturer's 
recommendation, but not less than the permit requirements 
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• Anticipate pump replacement for each sump every five years 

Telemetry System 

• Should a remote control telemetry system be utilized to operate the groundwater 
extraction system, the telemetry system will be inspected in accordance with the 
manufacturer's recommendation, but not less than the permit requirements 

Operations and Inspections 

• The groundwater extraction system will be operated in full compliance with 
applicable permits 

• Monitoring of groundwater will be in full compliance with applicable permits and 
regulations 

• Reporting of the results of monitoring the groundwater will be in full compliance 
with applicable permits and regulations 

• Copies of all reports will be sent to MDEQ ERD as well as the permitting agency 
• Groundwater well installation permits will be attached and be considered as part 

of the O&M Plan. 

10.0 Monitoring Requirements 

Staffing Required: 

• Provide adequate monitoring and sampling staff to perform scheduled duties to 
monitor to discharge and treatment systems, or 

• Hire a monitoring and sampling subcontractor as needed to perform scheduled 
duties to monitor to discharge and treatment systems 

Use Restrictions: 

• Monitoring staff or subcontractor will ensure that monitoring efforts do not 
conflict with end use restrictions 

• Monitoring staff or subcontractor will ensure that monitoring efforts are 
performed in compliance with applicable permits or regulations 

• SMDA will request well logs of all new wells within the restricted areas on a 
semi-annual basis 

• SMDA will retain copies of restrictive use covenants 
• SMDA will verify property ownership on a semi-annual basis and that new 

owners are aware of the restrictions 
• Reviews of the use restrictions, as defined in the Restrictive Covenant, will be 

performed whenever there is a change in the activities and uses of the property. 
After each review, the findings and any actions taken will be reported to MDEQ. 

• Reviews of use restrictions will also be performed every five years. 
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12,2 DEWATERING LINE SUMP (PROFJLE VIEW, D - D) 
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#2,4 LATERAL LINE TRENCH (PROFJLE VIEW, D - D) 

MACOMB COUNTY LANDFILL SITES 9 AND 9A 
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#2.5 GROUNDWATER DISCHARGE LINE (PROFILE VIEW) 
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#3.2 DEWATERING SUMPS, SOUTHWEST CORNER {PLAN VIEW) 

n.H11t~mt --
{/3.1 DEWATERING SUMPS, SOUTHEAST CORNER (Pl.AN VIEW} 

MACOMB COUNTY LANDFILL SITES 9 AND 9A 
(NO SCALE) 

/13.3 DEWATERING SUMP, NORTH CENTRAL (PLAN VIEW) 
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1 Introduction 

This Leachate and Groundwater Management Plan (LGMP) for the Macomb County 
Landfill Properties 9 and 9A is designed to effectively dispose of contaminated water 
removed from the site by the collection systems described in the site's Remedial Action 
Plan (RAP). The PMP is considered as part of the RAP and together will ensure that the 
properties are remediated in accordance with the applicable regulations and court 
decisions. This LGMP is specific to the extraction, disposal and (if necessary) 
pretreatment action measures. Engineering and construction of the collection systems are 
discussed in the RAP. 

The Macomb county landfill was a Type II Municipal Solid Waste Landfill under current 
Michigan DEQ rules that were operated as solid waste disposal areas under the 
provisions of the Garbage and Refuse Disposal Act 1965 PA 87, as amended. It is owned 
and was operated by the South Macomb Disposal Authority (SMDA). The Macomb 
County Landfill consists of two Properties, 9 and 9 A. The landfill covers approximately 
159 acres. Property 9 covers approximately 75 acres with approximately 65 acres 
utilized for solid waste disposal. The remaining 10 acres is utilized as buffers on the 
north and east sides. Property 9A covers approximately 84 acres with approximately 80 
acres utilized for solid waste disposal. The remaining 4 acres is utilized as buff er on the 
west and south sides. 

Property 9 was licensed to receive municipal solid waste from April 29, 1968 to 
September 1, 1975, a period of approximately 88 months. During, this time it received 
approximately 680,000 cubic yards of municipal solid waste, an average of 7,727 cubic 
yards per month. 

Property 9A was licensed to receive municipal solid waste from February 22, 1971 to 
September 1, 1979, a period of approximately 102 months. During this time it received 
approximately 1,200,000 cubic yards of municipal solid waste, an average of 11,765 
cubic yards per month. 

At no time was the Macomb County Landfill licensed to receive hazardous waste or 
hazardous substances for purposes of disposal. There is no record of any disposal 
operation involving hazardous materials. 

2 Leachate Quantity 

Estimates of existing leachate quantities have been performed based on available site 
information. The computations from data and assumptions are included in the tables in 
Attachment I. This information is summarized below: 

• Table I. Provides estimates of current in-place waste volume based on receipt 
rates provided by CRA, assuming standard landfill compaction rates of 50% and a 
typical further consolidation and settlement of an additional 20% since landfill 
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closure. Also provided are estimates of soil volumes in the landfill based on 
boundaries (bottom of waste, top of waste existing surface) generated on CADD 
models derived from boring logs. The soil is either mixed in with the waste or the 
homogenous existing soil cover. From boring logs and field observations, it is 
estimated that roughly 1/3 of the soil is silty sands and 2/3 is clayey soil. 

• Table II. Provides an estimate of the saturated soil/waste mass based on 
piezometeric head contour elevations as measured by the Dragun Corporation. 
This represents a conservative estimate; Petro Environmental· recently measured 
lower leachate levels, but this may be a current season condition. We used the 
more conservative Dragun water elevations to determine saturation quantities 

• Table III. Provides estimates of current leachate volumes based on standard 
values for potential free liquid (porosity less the field capacity) for waste, silty 
sand and clayey soils. An average value of the amount of leachate per cubic foot 
of saturated waste and soil media (below the existing cover) is derived and then 
used to estimate the total quantity of leachate in the landfills. 

• Table IV. Provides an estimate of the saturated mass requiring dewatering to 
meet the capture goals of the Consent Order. Table -JV also derives a gallon 
estimate of the leachate removal quantity. Finally, Table IV derives the average 
gallons per day needed to meet the Consent Order dewatering requirement. The 
amount of leachate removed is derived from the amount of area/volume above a 
parabolic draw down curve (Area =1/3 x base x height). 

• Also attached are two schematics illustrating the above concepts for leachate 
removal in Site 9 and Site 9A. 

It is estimated that the landfills contain approximately 32,000,000 gallons of leachate. 
Removal of 1/3 of this amount, or 10,800,000 gallons, will establish a drawdown curve in 
the landfill. A removal rate of approximately 7,300 gallons per day for four years will 
achieve this goal. 

Because these landfills are irregularly shaped and waste is heterogeneous, precise 
estimates of water flows and quantities are not possible. Therefore, Petro Environmental 
has made a series of very conservative yet realistic assumptions. The leachate discharge 
rate will vary over time, with initial rates possibly as high as the 0.2 cfs (more than 
100,000 gallons per day). 

3 Areal Extent of Contaminant Plume 

The extent of three contaminant plumes has been estimated by CRA's "Supplemental 
Plume Delineation Report". Each plume is located within one of the three aquifers 
located at the site. Plan drawing #8, "Monitoring Wells and Contaminant Plumes", 
shows the limits of each contaminant plume. 
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4 Clean Up Criteria 

Chemical containment ( or chemical capture) is defined as the stabilization and/or 
reduction of the plume that extends beyond the boundaries of the Property, which 
exceeds the higher of Part 201 residential health-based drinking water criteria as 
contained in the January 29, 1999 update of Part 201 Generic Cleanup Criteria Tables of 
the August 31, 1998 MDEQ Environmental Response Division Memorandum #18 as 
amended by the October 2, 1998 Update or background as determined pursuant to the 
Consent Decree. Chemical capture will be considered to exist if the chemical 
concentrations of the groundwater in the sentinel wells remain below the higher of Part 
201 residential health-based drinking water criteria or background and if the chemical 
concentrations in all of the monitoring wells do not change in a way that indicates that the 
plume is expanding. 

5 Management Plan 

The primary goal of the LGMP is to pump and remove all contaminated water that 
exceeds the health based clean up criteria. The performance of this plan will be an 
iterative process: 

• Install and operate pumps in the collection sumps. 

• Measure the effectives of the sump pumps within the guidelines of the 
Performance Monitoring Plan (PMP). 

• Install additional groundwater extraction systems if health based plume is not 
receding. 

6 Discharge Methods 

All contaminated water will be discharged off-site or to the sanitary sewer adjacent to the 
site. The sewer tap permit with Macomb Township is not finalized. However, the tap-in 
permit and available sewer flow capacity will dictate the performance standards for 
discharge flows. An agreement exists that allows for a 194,000 gallons per day 
maximum discharge. A copy of the resolution allowing for a tap-in to the sanitary sewer 
is provided in Attachment II. 

Any changes in the quality of the groundwater which affect the discharge to the sanitary 
sewer may be remedied by either off-site disposal or on-site pretreatment of the 
discharge. 
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ANN ARBOR, MICHIGAN 

BLOOMFIELD HILLS, MICHIGAN 

CHICAGO, ILLINOIS 

WILLIAM R. SCHIKORA 

David Kline 
MDEQ-ERD-Superfund 
Constitution Hall 
3rd Floor, South 
525 W. Allegan Street 
Lansing, Michigan 48933 

Re: 

Dear Mr. Kline: 

LAW OFFICES 

DYKEMA GOSSETT 
PROFESSIONAL LIMITED LIABILITY COMPANY 

400 Renaissance Center 

Detroit, Michigan 48243-1668 

TELEPHONE (313) 568-6800 
FACSIMILE (313) 568-6658 

www.dykema.com 

April 2, 2002 

Site 9 and 9A Deed Restrictions 

GRAND RAPIDS, MICHIGAN 

LANSING, MICHIGAN 

WASHINGTON, DC 

DIRECT DIAL: (313) 568-6685 
E-MAIL: WSCHIKORA@DYKEMA.COM 

[D)~~~DW 
lffi APR - 3 2002 

0 

ERD-SUPERFUND 

As we discussed, I am writing to seek your concurrence that the enclosed deed 
restrictions for the Site 9 and 9A properties associated with the SMDA landfill site are 
acceptable to the MDEQ and will be included in the Final Remedial Action Plan. These deed 
restrictions are meant to replace the generic ones included in Petro's most recent RAP submittal. 

Mr. Dloski and I would appreciate your written concurrence that the enclosed deed 
restrictions are acceptable to MDEQ. If you should have any questions, please do not hesitate to 
contact me. 

cc: Larry Dloski 
Mark Mather 

DET02\142612.1 
ID\WRS 

Very truly yours, 

DYKEMA GOSSETT PLLC 

();JL/__2tl~ 
William R. Schikora 



ARBOR, MICHIGAN 

BLOOMFIELD HILLS, MICHIGAN 

CHICAGO, ILLINOIS 

WILLIAM R. SCHIKORA 

David Kline 
MDEQ-ERD-Superfund 
Constitution Hall 
3rd Floor, South 
P.O. Box 30426 
Lansing, Michigan 48909 

LAW OFFICES 

DYKEMA GoSSETI 
PROFESSIONAL LIMITED LIABILITY COMPANY 

400 Renaissance Center 

Detroit, Michigan 48243-1668 

TELEPHONE (313) 568-6800 
FACSIMILE (313) 568-6658 

www.dykema.com 

May 28, 2002 

GRAND RAPIDS, MICHIGAN 

LANSING, MICHIGAN 

WASHINGTON, DC 

DIRECT DIAL: (313) 568-6685 
E-MAIL: WSCHIKORA@DYKEMA.COM 

Re: SMDA Consent Decree 

Dear Mr. Kline: 

Enclosed, please find two documents related to the SMDA Consent Decree. The first is a 
survey of the SMDA property (Sites 9 and 9A) which gives the site boundaries and extent of 
waste. The second is an excerpt from the approved minutes of the Macomb Township Board of 
Trustees indicating that the Board has approved the language in the proposed deed restrictions. 

If you should have any questions, please do not hesitate to contact me. 

cc: Bob Reichel 
Roger Timm 

DET02\147303. l 
ID\WRS 

Very truly yours, 

DYKEMA GoSSETI PLLC 

William R. Schikora 



MACOMB TOWNSHIP BOARD OF TRUSTEES REGULAR MEETING N.IINUTES HELD ON 
WEDNESDAY, MAY 8, 2002 
AT7~00P.M_ 
3of20 UNAPPROVED 

6b. 
Rezoning.Request: R-1 to C-2; Located north of Hall Road and approx. 1100' w t f 
~erdenre1ch Road; Garland Commons~ Petitioner. Permanent Parcel No. 08 .. 33~:o~-

Secretary KOERS reviewed the requested Rezoning Request: R-1 to C-2. 

Petitioner: Mr. William McPharlin, president of Inter.fin, Inc.) present. 

Public. Portion: Ruth Hansen,. Macomb Township residen~ stated her con~erns and questions 
regardi~g the requested rezomng request of R-1 to C-2. Supervisor BRENNAN held further 
discussion with the Township resident. Mr. Dloski, the Township Attorney stated the options 
available to the resident. -

MOTION by OLIVER seconded by MEERSCHAERT to approve the Rezoning Request: 
R ... 1 to C-2; Located north of Hall Road and approx. 1100' west of Heydenreich Road;· 
Garland Commons, Petitioner. Permanent Parcel No. 08-33-400.-021. 

MOTlON carried. 

7. Restrictive Covenants; Sites 9 and 9A. 

Mr. Dloski, the Township Attorney reviewed the Restrictive Covenants; Site 9 and 9a. 

Public Portion: None. 

MOTION by DUNN seconded by MALBURG to approve the language of the Convenants 
and Restrictions for Sites 9 and 9a, 

FOR TIDS MOTlON: DUNN, MALBUR.G, eµccI, OLIVER, MEE:RSCHAERT, 
KOERS, :BRENNAN. . 

OPPOSED! NONE. 
ABSENT: NONE. 

MOTION carried. 

8. Request to Adopt Bond Authority Resolution. 
-

Petitioner: Mr. Dennis Neiem., of Millar Can.filed, Paddock and Stone; reviewed the request to 
the Members of the Board. 

MOTION by MEERSCHAERT seconded by OLIVER to approve the request to adopt the 
Bond authority Resolution as follows: 



DECLARATION OF RESTRICTIVE COVENANT 
FOR THE SITE 9 PROPERTY 

MDEQ Reference No.: RC-ERD-01-002 

This Restrictive Covenant has been recorded with the Macomb County Register of Deeds for the 
purpose of protecting public health, safety, and welfare and the environment. 

South Macomb Disposal Authority ("SMDA") has submitted to the Michigan Department of 
Environmental Quality ("MDEQ") a Remedial Action Plan (RAP) that includes site specific land 
use-based cleanup criteria as allowed for in Section 20120a(2) of Part 201 of the Natural 
Resources and Environmental Protection Act ("NREP A"), 1994 PA 451, as amended, MCL 
324.202101 et seq, for the environmental remediation associated with the property located in the 
Township of Macomb, County of Macomb ("Property") known as Site 9 and more particularly 
described as: 

Property Tax ID Number of Property: 20-08-15-100-012; 20-08-15-200-002. 

See Attachment A for a legal description of the Property. 

See Attachment B for a survey of the Property that delineates the Property 
boundaries. 

See Attachment C for a survey of the Property that delineates the extent of waste. 

As used herein, the term "Owner" shall mean at any given time the then current title holder of 
the Property. 

NOW THEREFORE, Macomb Township, 19925 23 Mile Road, Macomb, Michigan, pursuant to 
Section 20120b(4) ofNREPA and the Consent Decree dated [date] for Case No. 85-3838 CZ 
entered by and between SMDA and the MDEQ, hereby imposes restrictions on the Property and 
covenants and agrees that: 

1. The Owner shall restrict the uses of the Property to no use (i.e., only activities associated 
with the maintenance of the remediation system for the closed landfill). The Michigan 
Department of Environmental Quality ("MDEQ") has determined that the applicable exposure 
assumptions for the use of the Property are those assumptions utilized in the creation of the 
Commercial Subcategory IV cleanup criteria as described in MDEQ Operational Memorandum 
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No. 18, dated June 7, 2000. Accordingly, the Owner shall prevent all use of the Property except 
as described above. Other uses of the Property are possible only after a site-specific risk 
assessment for the proposed use is approved by the MDEQ. 

2. The Owner shall restrict activities at the Property that may interfere with a remedial 
action, operation or maintenance, monitoring, or other measures necessary to assure the 
effectiveness and integrity of the remedial action. 

a. The Owner shall not remove or alter the permanent markers required by the 
Remedial Action Plan. 

b. The Owner shall restrict activities at the Property that may result in exposures 
above levels established in the RAP. The Owner shall prevent excavation activities on any 
portion of the Property as described in Attachment B except for activities associated with the 
maintenance of the remediation system conducted in compliance with the Health and Safety Plan 
contained in the RAP. All excavations shall be back-filled to original or better specifications 
within 30 days of initiating the excavation, unless a longer period is approved by the MDEQ. 
The portion of the Property that is within the areal extent of waste as described in Attachment C 
shall not be excavated without prior approval from MDEQ. 

c. Wells shall not be installed on any portion of the Property as described in 
Attachment B for extracting groundwater for any purpose except environmental study, 
monitoring, or remediation; irrigation; or dewatering of excavations, provided that the 
installation and operation of such wells is in compliance with applicable federal, state and local 
laws and regulations. 

d. Placement of structures on that po1iion of the Property within the areal extent of 
waste as described in Attachment C shall be prohibited, unless and until MDEQ reviews and 
approves of the design details of such structures. Structures on that portion of the Property that 
is not within the areal extent of waste as described in Attachment C shall be constructed in 
compliance with a methane mitigation plan approved by the MDEQ. Site plans shall be 
submitted to Macomb Township for review, approval, and issuance of building permits. 

e. The Owner shall not alter, damage or otherwise interfere with the operations of 
the remediation systems including, but not limited to: groundwater collection and treatment 
systems, leachate collection and treatment systems, gas venting systems, and groundwater 
monitoring wells. 

3. The Owner shall provide notice to the MDEQ of the Owner's intent to convey any 
interest in the Prope1iy 14 days prior to consummating the conveyance. A conveyance of title, 
an easement, or other interests in the Property shall not be consummated by the Owner without 
adequate and complete provision for compliance with the terms and conditions of the Restrictive 
Covenant. 

4. The Owner shall grant to the MDEQ and its designated representatives the right to enter 
the Property at reasonable times for the purpose of determining and monitoring compliance with 
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the RAP, including the right to take samples, inspect the operation of the remedial action 
measure and inspect records relating to the remedial action. 

5. The Owner shall grant to Petro Environmental Technologies, Inc. ("Petro"), or its 
successors and designees, the right to enter the Property at reasonable times for the purpose of 
constructing the remedy and performing operation and maintenance activities associated with the 
remedial action. Such activities may include, but not be limited to, monitoring, repairs to the 
cap, mowing the grass, and maintaining the fence, as needed. 

6. For so long as Macomb Township allows Petro, SMDA, and/or their agents and/or 
successors to discharge into the Township's sewer system collected leachate and groundwater 
from the vicinity of Sites 9 and 9A, at a maximum discharge rate of 0.2 cubic feet per second, 
unless the discharge occurs during non-peak hours that can be monitored by the Township, no 
Deep Injection Well will be installed or utilized on the Property as part of the remediation of 
Sites 9 and 9A. See Order of October 11, 2001 entered in the Macomb County Circuit Court. 

If surface or subsurface soils found on the Property are relocated, they must be managed in 
accordance with the requirements of Section 20120c ofNREPA and other applicable state and 
federal laws. 

The state may enforce the restrictions set forth in this Restrictive Covenant by legal action in a 
court of appropriate jurisdiction. Macomb Township may enforce the October 11, 2001 order 
referenced above in a court of appropriate jurisdiction. 

This Restrictive Covenant shall run with the Property and shall be binding upon all future 
owners, successors, lessees or assigns and their authorized agents, employees, or persons acting 
under their direction and control, and shall continue until the MDEQ or its successor approves 
modifications or rescission of the Restrictive Covenant. A copy of this Restrictive Covenant 
shall be provided to all future owners, heirs, successors, lessees, agents and transferees by the 
person transferring the interest. 

If any provision of the Restrictive Covenant is held to be invalid by any court of competent 
jurisdiction, the invalidity of such provision shall not affect the validity of any other provisions 
hereof. All such other provisions shall continue unimpaired in full force and effect. 

The undersigned person executing this Restrictive Covenant is the Owner, or has the express 
written pem1ission of the Ovmer, and represents and certifies that he or she is duly authorized 
and has been empowered to execute and deliver this Restrictive Covenant. 
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IN WITNESS WHEREOF, the said Owner of the above-described Property has caused this 
Restrictive Covenant to be executed on this_ day of _____ , 2002. 

Owner's Signature: 

Print or Type Owner's name and address: 

Signed in the presence of: 

Witness Signature: 

(Print or Type name): 

Witness Signature: 

(Print or Type name): 
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STATE OF MICHIGAN 

COUNTY OF -----

) 
) 
) 

The foregoing instrument was acknowledged before me this_ day of ____ , 2002 by 

----------------

Notary Public 

(print or type name) 

_____ County, Michigan 

, Owner. 

My Commission Expires: _______ _ 

DET02\125825.8 
ID\WRS 
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PROPERTY OWNED BY MACOMB TOWNSHIP 

Situated in the Township of Macomb, Macomb County, Michigan, described as: 

Parcel No. 20-08-15-100-012 

T3N, R13E SEC 15 BEG AT THEN¼ POST SEC 15; TH SO*28'W 1354.65 FT; TH 
N89*40'W 160.83 FT; TH NO*28'E 1353.72 FT; THE 160.83 FT TO PT OF BEG. 5A 

Parcel No. 20-08-15-200-002 

T3N, Rl3E, SEC 15 W ¾ OF W ½ OFNE ¼ EXC PARCEL209.6 FT E & WBY 282 FTN & 
S BEING 227 FT W OF NE COR. CONTAINING 58.25 A. 

DET02\141447. l 
ID\WRS 
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DECLARATION OF RESTRICTIVE COVENANT 
FOR THE SITE 9A PROPERTY 

MDEQ Reference No.: RC-ERD-01-002 

This Restrictive Covenant has been recorded with the Macomb County Register of Deeds for the 
purpose of protecting public health, safety, and welfare and the environment. 

South Macomb Disposal Authority ("SMDA") has submitted to the Michigan Department of 
Environmental Quality ("MDEQ") a Remedial Action Plan (RAP) that includes site specific land 
use-based cleanup criteria as allowed for in Section 20120a(2) of Part 201 of the Natural 
Resources and Environmental Protection Act ("NREP A"), 1994 PA 451, as amended, MCL 
324.202101 et seq, for the environmental remediation associated with the property located in the 
Township of Macomb, County of Macomb ("Property") known as Site 9A and more particularly 
described as: 

Property Tax ID Number of Property: 20-08-15-100-013; 20-08-15-100-010; 20-08-15-
100-011. 

See Attachment A for a legal description of the Property. 

See Attachment B for a survey of the Property that delineates the Property boundaries. 

See Attachment C for a survey that delineates the extent of waste. 

As used herein, the term "Owner" shall mean at any given time the then ctment title holder of 
the Property. 

NOW THEREFORE, SMDA, 20001 Pleasant, St. Clair Shores, Michigan, pursuant to Section 
20120b(4) ofNREPA and the Consent Decree dated [date] for Case No. 85-3838 CZ entered by 
and between SMDA and the MDEQ, hereby imposes restrictions on the Property and covenants 
and agrees that: 

1. The Owner shall restrict the uses of the Property to no use (i.e., only activities associated 
with the maintenance of the remediation system for the closed landfill), golf course, or driving 
range. The Michigan Department of Environmental Quality ("MDEQ") has detem1ined that the 
applicable exposure assumptions for the use of the Property are those assumptions utilized in the 
creation of the Commercial Subcategory IV cleanup criteria as described in MDEQ Operational 
Memorandum No. 18, dated June 7, 2000. Accordingly, the Owner shall prevent all use of the 



Property except as described above. Other uses of the Property are possible only after a site
specific risk assessment for the proposed use is approved by the MDEQ. 

2. The Owner shall restrict activities at the Property that may interfere with a remedial 
action, operation or maintenance, monitoring, or other measures necessary to assure the 
effectiveness and integrity of the remedial action. 

a. The Owner shall maintain and not remove or alter the pem1anent markers required by 
the Remedial Action Plan. 

b. The Owner shall restrict activities at the Property that may result in exposures above 
levels established in the RAP. The Owner shall prevent excavation activities on any portion of 
the Property as described in Attachment B except for activities associated with the maintenance 
of the remediation system conducted in compliance with the Health and Safety Plan contained in 
the RAP. All excavations shall be back-filled to original or better specifications within 30 days 
of initiating the excavation, unless a longer time is approved by the MDEQ. The portion of the 
Property that is within the areal extent of waste as described in Attachment C shall not be 
excavated without prior approval from MDEQ. 

c. Wells shall not be installed on any portion of the Property as described in Attachment 
B for extracting groundwater for any purpose except environmental study, monitoring, or 
remediation; irrigation; or dewatering of excavations, provided that the installation and operation 
of such wells is in compliance with applicable federal, state and local laws and regulations. 

d. Placement of strnctures on that portion of the Property within the areal extent of waste 
as described in Attachment C shall be prohibited, unless and until MDEQ reviews and approves 
of the design details of such strnctures. Strnctures on that portion of the Property that is not 
within the areal extent of waste as described in Attachment C shall be constrncted in compliance 
with a methane mitigation plan approved by the MDEQ. Site plans shall be submitted to 
Macomb Township for review, approval, and issuance of building permits. 

e. The owner shall not alter, damage or otherwise interfere with the operations of the 
remediation systems including, but not limited to: groundwater collection and treatment 
systems, leachate collection and treatment systems, gas venting systems, and groundwater 
monitoring wells. 

3. The Owner shall provide notice to the MDEQ of the Owner's intent to convey any 
interest in the Prope1iy 14 days prior to consummating the conveyance. A conveyance of title, 
an easement, or other interests in the Property shall not be consummated by the Owner without 
adequate and complete provision for compliance with the tem1s and conditions of the Restrictive 
Covenant. 

4. The Owner shall grant to the MDEQ and its designated representatives the right to enter 
the Property at reasonable times for the purpose of detem1ining and monitoring compliance with 
the RAP, including the right to take samples, inspect the operation of the remedial action 
measure and inspect records relating to the remedial action. 



5. The Owner shall grant to Petro Environmental Technologies, Inc. ("Petro"), or its 
successors and designees, the right to enter the Property at reasonable times for the purpose of 
constructing the remedy and performing operation and maintenance activities associated with the 
remedial action. Such activities may include, but not be limited to, monitoring, repairs to the 
cap, mowing the grass, and maintaining the fence, as needed. 

6. For so long as Macomb Township allows Petro, SMDA, and/or their agents and/or 
successors to discharge into the Township's sewer system collected leachate and groundwater 
from the vicinity of Sites 9 and 9A, at a maximum discharge rate of 0.2 cubic feet per second, 
unless the discharge occurs during non-peak hours that can be monitored by the Township, no 
Deep Injection Well will be installed or utilized on the Property as part of the remediation of 
Sites 9 and 9A. See Order of October 11, 2001 entered in the Macomb County Circuit Court. 

If surface or subsurface soils found on the Property are relocated, they must be managed in 
accordance with the requirements of Section 20120c ofNREPA and other applicable state and 
federal laws. 

The state may enforce the restrictions set forth in this Restrictive Covenant by legal action in a 
court of appropriate jurisdiction. Macomb Township may enforce the October 11, 2001 court 
order referenced above in a court of appropriate jurisdiction. 

This Restrictive Covenant shall run with the Property and shall be binding upon all future 
owners, successors, lessees or assigns and their authorized agents, employees, or persons acting 
under their direction and control, and shall continue until the MDEQ or its successor approves 
modifications or rescission of the Restrictive Covenant. A copy of this Restrictive Covenant 
shall be provided to all future owners, heirs, successors, lessees, agents and transferees by the 
person transferring the interest. 

If any provision of the Restrictive Covenant is held to be invalid by any court of competent 
jurisdiction, the invalidity of such provision shall not affect the validity of any other provisions 
hereof. All such other provisions shall continue unimpaired in full force and effect. 

The undersigned person executing this Restrictive Covenant is the Owner, or has the express 
written permission of the Owner, and represents and certifies that he or she is duly authorized 
and has been empowered to execute and deliver this Restrictive Covenant. 



IN WITNESS WHEREOF, the said Owner of the above-described Property has caused this 
Restrictive Covenant to be executed on this_ day of _____ , 2002. 

Owner's Signature: 

Print or Type Owner's name and address: 

Signed in the presence of: 

Witness Signature: 

(Print or Type name): ___________ _ 

Witness Signature: 

(Print or Type name): ___________ _ 



STATE OF MICHIGAN 

COUNTY OF __ _ 

) 
) 
) 

The foregoing instrument was acknowledged before me this_ day of ____ , 2002 by 

----------------

Notary Public 

(print or type name) 

____ County, Michigan 

My Commission Expires: 

DET02\125825.7 
ID\WRS 

, Owner. 



PROPERTY OWNED BY SMDA 

Situated in the Township of Macomb, Macomb County, Michigan, described as: 

Parcel No. 20-08-15-100-010 

T3N, R13E SEC 15 COMM AT N ¼ POST SEC 15; TH W 321.77 FT TO PT OF BEG; TH 
SO*28'W 1352.89 FT; TH N89*40'W 161.04 FT; TH NO*28'E 1351.96 FT; THE 161.04 FT 
TO PT OF BEG. 5A 

Parcel No. 20-08-15-100-011 

T3N, R13E SEC 15 COMM AT THEN¼ POST SEC 15; TH W 160.83 FT TO PT OF BEG; 
TH SO*28'W 1353.72 FT; TH N89*40'W 160.94 FT; TH NO*28'E 1352.89 FT; THE 160.94 
FT TO PT OF BEG. 5A 

Parcel No. 20-08-15-100-013 

Town 3 north, range 13 east, section 15, south½ of northwest¼ of section 15 and west 33 feet 
of following: commencing at the north¼ post of section 15; thence west 482.82 feet to the point 
of beginning; thence south O degrees 28 minutes west 1351.96 feet; thence north 89 degrees 40 
minutes west 211.59 feet; thence north O degrees 15 minutes east 1350.82 feet; thence east 
208.39 feet to the point of beginning; and east 33 feet of the following: Commencing at the 
north¼ post of section 15; thence west 691.20 feet to the point of beginning; thence south 0 
degrees 15 minutes west 1350.82 feet; thence north 89 degrees 40 minutes west 205.48 feet; 
thence north O degrees 23 minutes east 1349 .56 feet; thence east 208.64 feet to the point of 
beginning, being Eschenburg Road, so called, 66 feet wide. 
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Appendix L 
Landfill Gas Vent and Probe Plan 
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See rolled plan set for drawings. 
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